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Preface

This report describes improvements developed for the pnetary boundary
layer surface wind field model traditionally used by the U.S. Army Corps of
Engineers for hurricane modeling. Limitations of the model are also described.
The upgraded model has increased flexibility for spatial resolution and pressure
profile specfication. The wind fields can be used in ocean response modeling,
including wave and surge modeling activities.

This study was authorized by Headquarters, US. Army Corps of Engineers,
under the Coastal Flooding and Storm Protection Area of the Coastal Research
Program, Work Unit 32683, "Wind Estimation for Coastal Modeling- Techni-
cal Monitors were Messrs. John IL Laockart, Jr.; John 0. Housley, Barry W.
Hollidar, and John Saucier. Ms. Carolyn M. Holmes of the U.S. Army Engi-
neer Waterways Experiment Station (WES), Coastal Engineering Research
Center (CERC), was the Program Manager.

The study was conducted under Contract No. DACW39-93-C-0022 by
Oceanweather, Inc. (OWl), Cos Cob, Connecticut he report was prepared by
Dr. Vincent L. Cardone and Messrs. Andrew T. Cox and J. Arthur Greenwood,
all of OWL and Dr. Edward F. Thompson of the Coastal Oceanography
Branch (COB), Research Division (RD), CERC. Dr. Thompson was Principal
Investigator of the research work unit funding this study. Tie work unit was Ae.essilou 7or
under the direct supervision of Dr. Martin C. Miller, Chief, COB, and i IrS 0, aI
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Conversion Factors, Non-SI to
SI Units of Measurement

Non-SI units of measurement used in this report can be converted to SI units
as follows:

uK~~y BY To ObWmbn

deg (wgie) 0.0174M3U radns

knob (inw.amrs ) 0.5144444 m=0 per sowW

mira (U.S. neu.) 1.8S2 kimeam
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1 Introduction

Background

The urecedented destruction of parts of the United States caused by hur-
ricanes Andrew and Inild last summer has aroused increased interest in the
wind structure of tropical cyclones among the scientific and engineering com-
munities. Unlike most pest destructive storms, much of the loss in these recent
storms was associated with direct wind damage. While simple parametric
tropical cyclone wind models remain in use to model surface winds and to
provide forcing for ocean response models, a few nmercal vortex boundary
layer models based upon solution of the primitive equations of motion have
emerged, including most prominently the so-called U.S. Army Corps of Engi-
neers (CE) wind model (Cardone et al. 1992). The model was developed
originally at New York University in the early 1970's and later further devel-
oped at Oceanweaftr Inc. (OWl) under CE support in 1979. Recently the
format of the CE model was modified to conform with the requirements of the
CE Coastal Modeling System (Thompson 1993).

The CE numerical model was reviewed as part of a Workshop on Tropical
Wind Modeling convened at the U.S. Army Engineer Waterways Experimem
Station on 24-25 March, 1992. Invited participants in the review were:

Dr. Wilson A. Schaffer, Techniques Development Laboratory, National
Weather Service (NWS), National Oceanic and Abmospheric Adminis-
tration (NOAA)

Dr. Mark D. PowelL Hurricane Research Division (HRD), Atlantic Oceano-
graphic and Meteorological Laboratory, Environmental Research Labo-
ratories, NOAA

Dr. Mukut B. Mathur, National Meteorological Center, NWS, NOAA
Dr. Vincent J. Cardone, OWl

The workshop stressed the relationship between surface wind modeling and
more general questions of the dynamical and thermodynmnic nature of tropical
cyclones. It also emphasized the need to carefully evaluate the reliability and
representativeness of the scant surface marine wind data available in intense
cyclones, before such data are used to further develop and validate numerical
models.

chepr 1 Itdudon



The workshop addressed the potential for further development of existing
numerical models, particularly the CE model. A number of specific research
needs for improving wind models were identified and pnoritized in terms of
both importance to ocean response modeling and feasibility of success. These
needs are summarized more fully in a "white paper" (Canlone and Thompson
1992).

Subsequent to the workshop, a study was initiated to address high priority
upgrades to the CE model which could be accomlished with the limited funds
available. The following tasks were chosen: (1) increase resolution and
domain of the nested gFid system; (2) generalize the surface pressure specifi-
cation. The enhancements developed for the CE wind model are the subject of
this repor. The enhancements will be incorporated into the Coastal Modeling
System in the near future.

Previous Studies

The CE wind model has been used mainly to provide wind fields in histori-
cal tropical cyclones to drive ocean response models operated in a hindcast
mode (surface waves, mixed layer currents, storm surge). Those wind fields
generally provide unbiased ocean predictions when used to drive CE and OWl
ocean response models (e.g Reece and Cardone 1982). They have also been
used to drive ocean response models developed by other scientists indepen-
dently, wherein CE model winds have also repeatedly been shown to provide
unbiased hindcasts (e.g. Forristall 1980, WAMDI Group 1988, Cooper and
Thompson 1989, Ly and O'Connor 1991, Grosskopf et al. 1991, Mairs et al.
1992). At OWl the model has been used in over three dozen studies to drive
ocean response models to establish offshore design criteria in many parts of
the world affected by tropical cyclones.

The CE model has been extensively used for both ocean wave and storm
surge modeling for CE applications. Abel et al. (1989) applied the model to
estimate wave statistics due to hurricanes in the Atlantic Ocean and Gulf of
Mexico during 1956-75. Tracy and Hubertz (1990) estimated waves produced
by 10 hurricanes impacting southern California during 1956-89. Mark and
Scheffner (1993) describe a hurricane surge study for the coast of Delaware.
A similar approach is presently being applied to the entire U.S. Atlantic Coast.

The generality of the CE model was also demonstrated when it was used to
provide winds to test the third generation wave model (3GWAM) (WAMDI
Group 1988). Winds supplied to the WAM model were exactly the same as
winds for the subject storms (three intense Gulf of Mexico hurricanes) which
had been used in previous studies to drive first and second generation models,
and which had been used by other investigators. The WAM model was found
to provide unbiased and skillful wave hindcasts in these storms, with WAM
using its own calibration of source terms developed completely independently
of CE winds. The same timing on WAM has also been shown to provide
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nearly perfect hindcasts in severe extratropical storms as well when driven by
extremely accurate wind fields derived by direct kinematic analysis of wind
m rm ets (Cardone et al. 1994).

Scope

In many of the studies cited above, ocean response models were used to
evalute the most extreme response (storm peak winds, waves, sure and cur-
rents) in a storm at a fixed site. In general, in storms in which the assumed
storm pressure profile fits the actual radial distribution well, modeled storm
peaks are unbiased in the mean and exhibit scatter index of 15 percent or less.
The method is less successful in modeling the entire spatial and temporal dis-
tribution of the wind field in such storms. There are some storms in which
even the storm peaks are difficult to simulate, where the storm structure
departs from the simple structure implied by the presumed pressure distribu-
tion. This and other limitations of the CE model are described in more detail
in Chapter 2.

In this study, two limitations of the CE tropical storm wind model are
addressed and remedied. The first change is simply the addition of two addi-
tional nests to the grid system used to implement the numerical vortex model.
This change provides lower truncation errors near the center of small intense
storms, greater resolution near the vortex center, and an expanded solution
domain. The second change is generlizatn of the radial surface pressure
profile upon which the surface pressure initialization of the vortex model is
based. The form adopted also allows the specification of profiles with two
maxima in the radial pressure gradient. These changes are described in
Chapter 3. A summary is given in Chapter 4.

ChpWw I I.qtaduct 3



2 Existing Model Limitations

The CE wind model developed by Cardone et al. (1992) has proved to be a
powerful tool in ocean response modeling. However, the model, developed in
1979, includes a number of limitations. In light of enhanced computing power
now available and the increasing field measurements and understanding of
tropical storm behavior, it is timely to review the model limitations. Limita-
tions of the CE model may be described in three basic categories: physics,
initialization, and numerics.

Physics

The CE model evolved from the model of Chow (1971) who solved the
momentum equations of an integrated boundary layer flow for a boundary
layer of constant depth. The vertical friction force was taken parallel to the
wind relative to the earth. Horizontal friction was also considered. The equa-
tions, however, were solved numerically on a nested cartesian grid system
centered on the vortex and translating at constant velocity with the vortex.
The steady solution in the moving coordinate system referred back to the earth
yielded qualitatively realistic boundary layer wind patterns. The solution
included supergradient flows inside the radius of maximum gradient wind and
a decrease in the radius of maximum wind. It also included an asymmetric
wind distribution with maxima in the right front quadrant for a typical super-
position of a symmetric vortex and ambient gradient, and a boundary layer
convergence pattern consistent with observed patterns of convection in typical
storms.

Shapiro (1983) solved the same stab momentum equation as Chow (1971)
but used a trmncated spectral analysis in cylindrical coordinates, in order to
allow a more convenient separation of the role of linear and non-linear asym-
metric effects in the boundary layer flow. Chow's model and solution method
provide the same patterns as that of Shapiro's model except that inside the
radius of maximum wind tnmcation errors are larger than for the spectral solu-
tion. As a consequence, Chow's model may slightly overestimate the degree
of supergradient flow inside the eye. These studies show that the essential
physics governing the boundary layer flow are included in Chow's and
Shapiro's models. The main physical processes missing are the feedback of
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the convection (induced in part by the modelled convergence field) on the
wind field, and strong non-steady effects (for example rapid deepening of the
vortex in the moving frame) which may cause even the overlying vortex to be
unbalanced.

The CE model is derived directly from Chow's formulation and uses
Chow's numerical solution. Several improvements to Chow's solution were
made to insure that it not only gives qualitatively realistic wind fields, but also
provides a quantitatively correct surface stress vector distribution, from which
the model diagnoses winds within the surface boundary layer as well. The
main enhancements to Chow's model are in the inclusion of a similarity
boundary layer formulation relating vertically integrated flow to the surface
drag (magnitude and direction), adoption of more realistic boundary layer
depths than considered by Chow or Shapiro, consideration of the effects of
boundary layer stratificat_ -, and variable surface roughness (expressed in terms
of wind alone with no sea state effects considered), and incorporation of
greater flexibility in the specification of the imposed pressure distribution of
the vortex over the possibilities considered by Chow.

The CE model was d& ,eloped with a secondary objective to provide winds
over inland lake surfaces and land surfaces of arbitrary roughness. The theo-
retical development of this part of the model met with less success than the
over-water treatment. A simplified equilibrium boundary layer approach was
adopted which ignores the adjustment of the planetary boundary layer (PBL)
wind field across discontinuities of roughness. Thus, while the model valida-
tion against winds measured over land indicated good agreement when the
wind fetch was over a homogeneous roughness, little is known about the effect
on ocean response modeling associated with failure in the CE model
(probably) to resolve small scale PBL wind changes downwind of abrupt
changes in roughness (e.g. the coast).

Initialization

The model is generally applied with boundary layer height in the range of
500 m - 650 m, slightly unstable stratification, a Chamrock type surface rough-
ness formulation (Chanock constant 0.035 with Karman constant 0.35), and a
value of unity for the Ekman scale height parameter. This combination pro-
duces unbiased surface winds over the open sea when the model is applied to
real storms and validated against measured surface wind time histories
obtained by calibrated instruments (e.g. NOAA buoys, offshore rigs).

The pressure field is generally described as the superposition of the pressure
gradient computed from the exponential pressure profile form for the symmet-
ric part of the vortex:
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p(r) = p. + (p. - p) e r"

where

p(r) = pressure

p, = central ptcssure (at the eye)

p- = axisymmetric ambient pressure (far field pressure)

R, = scaling radius

r = radius

and an uniform ambient gradient given by

f1xV - - I. (2)8 P

where

f = Coriolis parameter

E = unit vector in the vertical direction

S= ambient uniform geostophic flow

p = mean air density

Vp. = uniform ambient pressure gradient

This pressure initialization scheme (it is also a boundary condition since the
model is solved to a steady state solution) often provides a very realistic simu-
lation of the actual pressure field about a tropical cyclone. However, in some
storms the actual pressure field departs from this simple picture in several
possible ways. Often, particularly as a tropical cyclone enters the mid-
latitudes, the ambient pressure field is inhomogeneous. The effect is especially
evidem if the topical cyclone begins to iteract with a fontal system or an
exratropical cyclone or both. Within the Mtpics, some storms have been
shown (Holland 1980) to follow the more general form:
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S~(3)
P(r) a R. + ( -p.)e (3

where

B = constant in the general range 0.5-2.5

Fminaly, in some storms the radial pressure profile in the inner core is more
irregular than either of the above forms, with a shape which implies two
maxima in the radial pressure gradient, accompanied by two distinct maxima
in the wind speed. Willoughby (1990) and Black and Willoughby (1992) have
described the tendency for "concentric rings" in the radial wind distribution to
be a fairly typical characteristic of intense tropical cyclones. The rings appear
to be related intimately to storm intensity evolution. For example, Figure I
shows the evolution of concentric rings in Hurricane Gilbert (1988) over a
six-day period. In this storm, the CE model might be expected to provide
reasonably accurate wind fields in the initial stage of vortex development and
intensification between September 11-13, but it would fail to model the com-
plicated double maxima structures later. The impact on ocean response model-
ing of this failure to model concentric rings is unknown.

Numerics

The CE model is computationally demanding. For example, computatonal
considerations drove the decision to presolve the boundMa layer model for
spatially homogeneous (constant) boundary layer height and stability and to
use a table look-up procedure for the drag coefficient during the marching of
the solution toward steady state. To relax the constraint of constant boundary
layer height and stability would greatly increase computer time, unless a more
efficient integration scheme could be found. The minimum grid spacing on
the inner nest of the solution grid (as opposed to the target grid) is 5 kin,
which is a bit too large to resolve details of the wind field near the center in
very tight storms. (For example, as Hurricane Andrew approached the south
Florida coast, the radius of maximum wind was only about 11 km.) The grid
spacing is also not sufficient to resolve boundary layer adjustments near rough-
ness discontinuities, though that physical process is not presently incorporated
in the numerical model. Further, the grid spacing is too coarse to resolve
detailed gradients of wind over inland bays and estuaries. Limitations in tem-
poral resolution are less serious, within the constraint of the steady-state
model, since the "time step" of the windfields is simply the temporal resolu-
tion of the storm track. That temporal resolution can be refined within mason
(say to intervals of 15 minutes or so) without significant computational cost.

ChnpW 2 Eitn Modl LmfUnms 7



10l4 is op TO am061 or Iý A744 ti2 UP0 TO SAM 3 UPM
700 la 700 lea

a •,,I- U ]
W .

800

""i I

,0

- s l . . ito 0,100 ms'l3
RADIUS Nio ILOIUS kid

05d9 54 SEP TO 1120 id SEP i3I 1104 i T 1w T 6I as SEP 1908

700 shP no APf

10 60

d

Goo

S.12

5/ " 4 *

lO0

20-12

so 100 150 120 so 100 ISO a
2

""d I.US AIm MO, 2 -to

6011 i.si SPTo Om, is SEP am 0Mm is UiP TO 8131 16 W M

no We no"

60 r GO
2 2 N..

12 302

20 20

J - I i ...
0 s ;;o 5U 0 so S&

RADIUS Oto) NOVA~ ow)

Figure 1. Temporal changes In the azfrnuhaly averaged wind for NOMA reconnaissance
flights Into Hurrican 011bert; changes are normalized to a 6-hr time interval (from
Black and Willoughby (1992))

8 ChMPr 2 Exis•g Modm Umim



Summary of Limitations

The main model limitations described in each category above may be listed
as follows:

a. Physics.

(1) Decoupling of boundary layer from full vortex dynamics, pre-
cluding mutual adjustment of pressure and wind fields; and feed-
back of convective scale effects on wind field.

(2) Simplified PBL theory (e.g. constant Ekman scale height).

(3) Extrapolation of Chamock roughness to extreme wind speeds, with
no sea state dependence.

(4) No boundary layer adjustment across roughness discontinuity.

b. Iniialization.

(1) Constant and homogeneous boundary layer height.

(2) Constant and homogeneous stratification.

(3) Relatively simple pressure specification:

(a) Exponential pressure profile provides only one radius of
maximum wind (no concentric rings).

(b) Pressure profile may be inadequate even for unimodal
maximum gradient pressure distributions.

(c) Homogeneous ambient linear pressure gradient.

c. Nwnerics.

(1) Practical limit of spatial resolution to 5 km may be inadequate for
very tight storms.

(2) Large number of iterations (800) required for each steady state
configuration, or snapshot (using the terminology of Cardone et al.
1992).

In this study, two of the above limitations are addressed and remedied, as
described in the next section.
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3 Upgraded Model

Increased Resolution

The CE program consists basically of two main programs (Cardone et al.
1992). The first, SNAP, solves the numerical vortex model on a nested grid a
number of times to represent the storm wind field at discrete times within an
eveM, thereby producing a number of snapshot wind fields on a nested grid.
SNAP also writes the snapshots to a file for use by the second main program
HIST, which among other functions, interpolates the nested grid solutions to
hourly intervals and then "iterpolates the winds to an output or arget grid
(typically that of an ocean response model).

The nested grid consists of five square 21 by 21 grid point arrays. The grid
spacing increases by a factor of two from nest to nest. In the program input,
the user specifies a desired spacing of the inner nest (the variable DX in name-
list NAME3 of SNAP). For the default value of 5 km, the grid spacing in the
coarsest nest becomes 80 kin and the entire grid covers an area of (1,600 ki 2).
While the existing CE program allows users to set DX smaller than 5 kin, this
is not recommended since the grid coverage shrinks commensurately. The
simplified boundary condition applied on the outer boundary of the outermost
nest becomes mcreasigly tenuous as the grdded domain shrinks.

The upgraded program allows the use of up to seven nests. However. the
user may specify the number of nests (from three to seven) in a given run.
The new parameter INSIDE is used to specify the number of active nests. It
designates which is the finest active nest, where nests are numbered from I to
7 going from finest to coarsest. For example, INSIDE = I activates all seven
nests, and INSIDE = 2 activates only nests 2 through 7. The grid spacing of
nest 1, the innermost nest, is specified as before with variable DX, regardless
of whether or not the nest is active. The relationship between INSIDE, active
nests, and spacing of the finest active nest are summarized in Table I. The
default value of DX is 2 kin. If all seven nests are exercised, the execution
time per snapshot is roughly four times as long as the existing CE model. For
this case the number of iterations on the inner nest is set to the default value
of 3200.
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Table 1

Effect of Nest Activation Parameter, INSIDE

4Do=0 Alve Nero Ipei"g F nes Aed Ne

1 1-7 DX

2 2-7 2 DX

3 3-7 4 DX

4 4-7 8DOX

5 5 -7 16 DX t

The program with the new nesting was tested in two ways using the Hurri-
came Camille snashots as test cases. First, vortex model winds were produced
by the CE model (and its OWI equivalent) for the case of DX =- 8 km. Then,
the same SNAP inputs were used to generate winds with the new code for the
case DX = 2 kin, INSIDE = 3, which provides the equivalent number of nests
and inner nest grid spacing as the CE model run. Whmds produced by the two
alternative programs were imerpolate to a target grid covering the Gulf of
Mexico (nominal spacing of 0.2 degS), compared and found to age to within
roundoff error of the VAX computer used for these tests.

T7he second test compared winds for Camille produced by the new code for
the case DX = 2 kom and INSIDE = 1; that is, all seven nests wre live with
inner nest grid spacing of 2 kin, with winds produced by the CE program with
DX = 5 kin. These results are shown in Appendix A which gives, at
30-minute intervals, the maximum scalar wind speed, the location and the cor-
responding wind speeds and directions, and the same data for the maximum
vector wind diffetnmce magnitude. The results (see also Figure 2) indicate that
the largest differences (scalar differences of up to about 7 m/s), occur inside
the eyewall, where trncation errors on the 5-kin solution are expected to be
lapg for an intense tight vortex such as Camille. Maximum scalar wind speed
differences in the area of the eyewall ame geneally less than I m/sec. How-
ever, maximum vector difference magiue of up to 9 m/sec were observed
occasionally in the vicinity of the eyewall reflecting a tendency for the wind
direction on the 2-kin solution to be turned systematically in the direction of
less inflow, by up to 10 deg from the 5-kin solution. The 2.kin solutions are
no doubt the more accurate solutions.

SA table of factm for emnvting non-Sl mira of mnumummn to Sl tmia is preamted an

par Vi.
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Figure 2. Distribution of maximum wind speed differences between 5-nest
and 7-nest model runs for Hurricane Camille

Generalized Pressure Specification

Preomre profle form

be upgrade to fte pressuie specification uses a geneaized form of
Holland's (1980) exponential pmsue profile

P(r) = (4)
(t,,

where

n = number of componen

d pirsure anomaly for the i'dz componee (dp,+dp2+...+dp=p..-p,,)
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R- - scaling radius for the i'th component

Bi = Holland's B coefficient for the i'th component

The or a POI;IIn tangential and radial pressure gradients ae:

=-• W 0 (tangenial)

(5)

a*Bv (Irj-J (71j) e (radi"

The CE model was modified to provide options for a single or double expo-
nentiarl romnpew (n = I or = - 2). This form allows the specifcation of
pnmre profiles with two uqewe maxima in the radial pressure gradient,
thouglh the mere fotu does not guarmtee two maxima. For example, the sum
of two exponmenala also allows the modeling of pressure profiles which have
only one maximum but with shapes very diffetnt from those predicted by the
single exponwal eve with the variable B included.

Incorpora•n of this model imto the seven-nes version of the program led
to extenive chmanes to pWgram SNAP, in particular to Subroutines GRAD
and PXYM and funther changes to namelist NAME3, as doomented in
Appendix B. On immediate cwsquec= of this model is that the quadrantal
specification of profile parameters allowed in the single exponential form with
B = I is lost. To retain this option in the CE model portfolio, two versions of
the upgraded program were developed as follows:

SNAP.ADC.7NE and HISTADC.7NE - This version only upgrades
the curent CE program (which includes quadrantal variation of parame-
ters for a single exponential with B = 1) to incorporate the additional
nests.

SNAPHOL.7NE - This version upgrades the cunant CE model to
allow both 7 nests and the generalized pressure specification scheme,
but without quadrantal variation. Note, however, that asymmetry in the
pressure field is still modeled through superposition of the vortex pres-
sure field and the background steering gradient. The background pres-
sure gradient is required to be homogeneous (that is, the parameter
ST12 is eliminated).

Molebd outflow

In early tests of the upgraded CE program with hypothetical snapshot iputs
estimated roughly to apply to several stages of Hurricane Gilbert (inputs for
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Gilbert snapshms were derived more rigorousy as described below), it was
demonsae that the progran could produce the pattern of annular concentric
wind maxima. However, it was noticed that the inflow characteristics of the
model appeared to have changed somewhat from the unmodal model In be
standard CE model, Subroutine OUTFLOW serves to remove 8 degrees of
inflow from the napslot solution throughout the domain to compensate
approximately for inflow believed to be spuriously introduced through the
numerical solution. This spurious inflow is revealed by solving the model for
a motionless vortex with all friction terms deactivated and comparing the
modeled wind direction to the purely circular flow expected of a vortex in
gradi- balance.

The frictionless, motionless vortex test was repeated with the upgraded
model for the series of nine sapshots indicated in Table 2. For the unimodal
case (Case 1) and the bimodal cases with B = I for both exponeials (cases 2
and 6), the maximum inflow (which tends to occur just outside the wind
maxima) averages 7.5 dog. As the value of B increases, however, there is i
proportional increase in the inflow. In the bimodal profile with B varying
between the two expomntials, the inflow varies with radius. Subroutine OUT-
FLOW was modified to compensate for dependence of spurious inflow on B
(Table 3).

Table 2
Maximum Inflow Observed In Ic S Utmonamy Vortex
Solution!

n. doNa , 'Pa W"W kA
cam mb ,m M ,ub mub , Me d" dqe

1 970 27 0 40 0 1.00 0.00 7.2 -

2 915 8 68 66 27 1.00 1.00 7.3 7.3

3 915 a 58 so 27 1.00 2.00 6.6 13.1

4 915 a 58 66 27 2.52 1.00 18.7 6.6

5 915 8 568 68 27 2.52 2.00 28.6 16.5

6 660 6 42 53 67 1.00 1.00 8.0 7.7

7 MO 6 42 53 67 1.00 1.26 6.1 9.1

a 600 6 42 65 67 2.52 1.00 12.7 7.5

9 -MI 6 42 58 67 2.52 1.26 15&1 9.0

M Am rins won done with he upgradud CE noda wth 7 nm and gqnrdlad prmsm
speolkm; p.- 1010 mbfr Idfun*

14 CWw 3MWM



TaWle 3
Empiri Correction of Inflow Angle

Redue~on AppWd To Inblow Ante
Sw.d"

UnknodW 8 = 1 8

UnknodW 88 *1 s

8 'BI B2,

SpecificatIon of prssure paranmeter

Singl Exponential Profile: B = 1. In the standard CE model, the pressure
profile may be specified in basically two ways. The most fundamental way is
to fit the profile to sea level pressure me-asuemens available at different radii
at a given time, or transformed from time to space using single station data
acquired at a station in the path of the storm. There are several examples of
this approach as applied to historical U.S. Gulf of Mexico and East Coast hur-
ricanes in Graham and Hudson (1960). The eye pressure may be prescrnbed, if
it is known, for a more accurate fit, or the eye pressure may be extrapolated
from a fit determined exclusively from data outside the center. A simplifica-
tion to this procedure is often followed for oceanic storms, for which eye pres-
sure may be known from aircraft dropsonde data, far field pressure is estimated
from weather maps, and a few estimates of pressure at various radii about the
storm are known from ship or island station synoptic reports. Then, the
unknown parameter scale radius may be estimated from Equation I as follows
for each such report and an average or weighted average of the estimates taken
to represent the storm profile at map time:

___rIn 
(6)(E, Lr --- PP._p )

If there are insufficient pressure data but eye pressure is known and an
estimate of the radius of maximum wind, R,, is known (e.g. from aircraft vor-
tex message reports filed upon penetration of the eye and assuming that R, at
flight level is the same as R, at the surface, or more crudely from radar or
satellite eye diameter estimates), RP may be estimated directly from R. using
the average relationship found between these two variables by the vortex
model.
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Single Exponential Profile: Variable B. Variants of these same two
approaches may be followed to estimate the parameters of the generalized
unimodal model, for which the additional parameter B must also be specified.
Again, if there are sufficient pressure data, the profile may be fitted directly.
For example, Figure 3 shows the screen display of a PC-based interactive
system developed at OWl using a commercially available plotting/statistical
analysis software package. The pressure data are composited (see window in
upper right hand corner of screen) as a function of radius in a South China Sea
typhoon from reduced (from flight level) aircraft pressures and pressures
reported by ships within a 3-hr time window of analysis time. The aircraft
also provided estimates of eye pressure (note the two conflicting estimates at
the origin in the lower window of Figure 3). Far field pressure was estimated
from weather maps. The best fit shown is for p& = 968 mb, B = 0.8, and R, =
(14 rim)". The window at the upper left of the screen compares the azimuth-
ally averaged solution for the model surface wind (downloaded from a run
made on a VAX) and reduced aircraft and ship reports of wind.

The second approach is more indirect and emphasizes the use of aircraft
wind data. In recent years such data have become quite accurate after the
inuduction of inertial navigation systems, onboard pocessing and the avail-
ability of coded messages (so-called sup e or peripheral flight level
winds) containing measured winds at flight level outside the eye. Figure 1
shows the complete analysis carried out by Black and Willoughby (1992) of
flight data acquired over the main lifetime of Hurricane Gilbert in the Carib-
bean Sea and Gulf of Mexico. These curves show 12 separate radial profiles
of the azimuthally averaged flight level (700 mb or 850 mb) tangential wind
speed composited from flight legs near the indicat times. Most of the wind
profiles exhibit two distinct wind maxima. On the assumpo that the azi-
muthally averaged flow is approximately in gradient balance with the axisym-
metric pressur field, the pressure profile associated with double concentric
wind maxima should also exhibit two local maxima in the pressure gradient.
Therefore they might be fitted by a double exponential profile. Even those
profiles which do not exhibit two distinct peaks, such as those in panels b, d,
and e, exhibit atypical shapes for tropical cyclones, with a single maximum
and broad regions with little or no change of wind speed with radius. Never-
theless, we have selected five of these cases to illustrate the fitting of the
single exponential profile using aircraft wind data and eye pressure. Parame-
ters are defined in Table 4 and results fomn the fitting process are given in
Table 5.

The fitting method is basically a systematic search of many possible solu-
tions of the single exponential for that solution whose radial distribution of
implied gradient wind provides a close match to the location and magnitude of
the azimuthal average flight level wind. This searching program (implemented
in a preprocessing program called IEYEWALL.rnkL) requires the input infor-
mation listed in Table 5. Additional documentation is given in Appendix B.
The searching program fixes the profile anomaly parameter (p. - p.), loops
through possible values of the scale radius R, (from R= to 2R.,) and B (from
0.5 to 2.52) and finds the pressure profile whose gradient wind simultaneously
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Oceanweather Tropical System Analysis Typhoon WAYNE86
Surface Winds and PmsResw Estknued from 86090212 +/- 3hrs
Reccon. Vortex and Periperai Data Messages

100 tteWdSpe d)Rco
With MAnSAWhA~y Average Model WWn Pmftxehi

80

60
W E

40 \ 2rt

200

0.(........... .. iý
0. 60 120 180 240

Radia Distance from Center "MNi)
OweedonPAi16,19931M 3:5:2pmn

Surace PRvessurm
1010

990

980

970 Sta Pww*
960 - Pf.Pb)*eA(-FV~hc)AB)

0 60 120 180 200
Radal Disance from Center "a

Figure 3. Example of Oceanweather tmpicai storm analysis
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Table 4
PaaetrDefinitions for Fitning Single Exponential Profile

Pemur bb i

Re Obestsd rous of mewdmum wind

tuomouohhn bmIWid

vm,,,wAu* aven.ed•,tm bv, wkw at R.

vmIN AAu*dt a d ownU igm wool wind at 150 1In bn =o ntr

Rvscab ,Mus of sbn* ciOnenIM pow

do SWmt puwa e~mu* Pwunebr at skngl .xposhMl PC"

RO fdu of nuaxmm~ Vmdiw* of lied presur piofs

yamMudnmu gracknt wind d flead presur proile

Valsr sient wind of lusd poftISO16 km luau center

Table 5
Generalized Single Exponential Profile Fts to Selected Hurricane Gilbert

~Vam
C" b P RN MV~t aftuqMu 4"Pe P R.N V. V= rp dp V V•, 5

mb b km ale ml. km ub S .7- k

3 906 1012 16 65 30 20 107 1.50 67.2 20 21

4 6M 1012 13 so 30 16 124 IAI 70.3 16 20

7 961 1012 65 36 36 97 61 1.00 39.3 67 36

a 950 1012 6 9 41 3 8 92 62 1.12 42.2 as 36

9 949 1010 57 40 37 65 61 1.12 41.9 79 37

best matches the observed wind speeds at Rm and at 150 km in terms of abso-
lute difference. For example, in Case 3 of Table 5 the selected profile gradient
wind (not shown) is within 1 m/s of the Vm of 65 m/s at R,,r However the
searching program places the absolute profile maximum of 67.2 m/s at a radius
of 20 kin, and fails to maintain the observed broad region of little change in
wind speed between 50 and 150 kin, resulting in a profile wind speed of only
21 m/s at 150 kin, about 10 m/s lower dtn measured. Cases 7, 8 and 9 are
somewhat more successu. The parameter B varies between 1.0 and 1.5 for
these fits, or in the same general range.reported by Holland for a single
exponetial.

Double Exponential Profile. While it is conceivable that there may be
sulffcenidy voluminous and accurate pressure data in some tropical cyclones to
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attempt to directly fit a double exponential profile to measurements of surface
pressure as a function of radius, we have not attempted to construct such a
data set and perform such a fit. We did try, without success, to develop useful
fits to the profile from just the total storm anomaly, estimates of the two radii
of maximum wind and a single pressure along the profile in the region
between the two maxima. However, a generalization of the searching algo-
rithm described above for a single exponential has met with some success.

The searching algorithm (called 2EYEWALL.HOL) as applied to a double
exponential is documented in Appendix B. Parameters involved are defined in
Table 6 and Figure 4. The searching program fixes the total storm anomaly,
assumes the scale radius for the inner exponential is equal to the observed
radius of maximum wind of the inner maximum, or ring, and loops through
ranges of the outer scale radius, R/ (from R, 2 to 2R, 2), inner and outer B
(from 0.5 to 2.52) and the ratio of dp/ap2 (from 1/8 to 8). The algorithm
seeks the combination whose pressure profile provides a gradient wind profile
that has maxima at R,, and R. 2 within ±1 m/s of observed and which maxi-
mizes the following:

v,1 + V2- 2 V.(7)

where

Vs. gradient wind at (R.t+R.2)12

If it succeeds in finding such a profile it checks that the wind at 150 kon is
lower than the outer maximum, Va, and if it is, prints the solution. If these
conditions are not met, another cycle is attempted. The matching criterion is
relaxed to ±2 m/s, this time requiring that the wind at (R,,+R, 2)/2 is less than
the winds prescribed at R,1, and R,2, and minimizing the wind at 150 kmn. The
program also prints the profile parameters for the selected profile. If, after the
second cycle the program still does not find a successful fit, it prints the
closest fit found in each cycle.

Table 7 shows the results of the application of this searching algorithm to
all 12 of the azimuthal average tangential flight level wind profiles in Huri-
cane Gilbert derived by Black and Willoughby (1992). The double exponen-
tial appears to require large values of B to resolve two distinct peaks in the
radial profile of gradient wind, at least for most of these cases. Table 8 com-
pares the location and magnitude of the double wind maxima derived from the
fitted profile to those observed. Figure 5 compares the fitted and observed
radial profiles of pseudo-gradient wind. The inner ring is usually fitted very
closely. In 11 out of 12 of the cases a distinct outer wind maximum is
resolved, and it is usually placed within ±20 km of the observed maximum. In
9 out of those 11 cases, the maximum is within about ±2 m/s of that observed.
Case 8 is the poorest fit, but in practice Case 7 and Case 8 are so close in time
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Table 6

Parameter Deflinitlon for Fitting Double Exponential Profile

POmaNNW Demno"i

R, Radlus of maximum wind, inner tng

w Radius of maximum wind, auler rng

V., Azimuthally averaged tmngenla flight level wind, inner ring

V.* Az•lu y aeraged nentil flight level wind, oue ring

R,. Scale radius, inner exponential

R_ Scale radus, outer exponen

dp, Preasure anomaly. inner exponential

dp, Premsure unMaly, outer exponenti

B, Hollecrs A. inner exponential

B, Holleds BA outer exponental

Rol Radus of maximum gradient wind of fted pfile, inner rng

R.. Radius of nwma um gradent wind of fld prfe, outer ring

Vl Madmum gradent wind of fitted profile, inner ring

VO Mmmum radifnt wind of e profile, ouer ring

(in fact they are derived from the same flight) that Case 7 may be used to rep-
resent this phase of the stonn history.

Sample Runs

The upgraded program, including seven nests and the generalized pressure
specification, has been applied to provide sample wind fields on target grids
using as test input the snapshots developed for Hurricane Gilbert. Two runs
were made. The first generates a snapshot wind field for each of the 12
Gilbert cases (including realistic forward motion and steering flow parameters)
and interpolates each snapshot to a polar grid using a test history table. Inter-
polations are also made from pairs of adjacent snapshots (equal time weight).
Winds for the 23 wind fields so produced on the polar grid are then azimuth-
afly averaged. These results are given in Appendix C.

A second test run was made which modeled Gilbert during its passage
across the Gulf of Mexico between 1200 UT 15 September through 0000 UT
17 September, 1988. Snapshots for this run consisted of Cases 7, 9, 11, and
12. The target grid for this run was a grid of nominal 12 nm spacing covering
the Gulf of Mexico. The wind fields were output at 12-hourly intervals.
Additional details and surface wind field plots are given in Appendix D.

20 ChapO3 Upgaded Mod



Vmso --

-I I
I I I
I I

a.

RMI RM2 ISO0KM

RADIUS

Figure 4. Some parameters in double exponential profile
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Table 7
observed Pressure and Azimuthally Averaged Pseudo-Gradient Wind Maxima
In Hurricane Gilbert1 and Estimated Generalized Profile Parameters

In1"t Outpu

DOW

TM, p. p.- R., R.0 V., V, R,, R,, dp, dp,
Cas (UTC) Mb Mb km kll em/s kslu mb mb mb B, B,

1 11/1624 972 1011 47 90 40 35 47 127 23 16 2.52 2.52

2 11/2002 968 1011 56 106 47 36 56 162 32 11 2.52 2.52

3 13/1744 905 1012 16 111 65 32 16 125 94 13 1.68 2.39

4 13/2333 888 1012 13 100 69 38 13 100 110 14 1.59 2.52

5 14/0549 893 1012 13 70 62 44 13 70 101 18 1.41 2.52

6 14/1126 890 1012 13 69 62 48 13 69 102 20 1.41 2.52

7 15/1204 951 1012 22 65 25 38 22 87 45 16 0.56 2.52

8 15/1629 950 1012 32 69 28 41 32 103 35 27 0.94 2.51

9 1610016 949 1010 22 57 27 40 22 81 41 20 0.75 2.52

10 16/0539 950 1011 55 120 41 37 55 170 52 9 1.12 2.24

11 15/1850 953 1010 50 100 42 43 50 119 47 10 1.33 2.52

12 16/2131 954 1009 40 100 39 40 40 112 45 10 1.19 2.52

SCass mSp to Bhck &nd WUlkuhby's (1992) angymis of arcraft d.ta in Hurrican Gibertn
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Table 8
Comparison of Measured Flight-Level Wind Maxima and Fitted
Gradient Wind Maxima for Double Exponential Pressure Profile1

hmw Rin Oulr Rin

Measured FlMd Measured Flud

- - - - - -R.,n., v., , V. N, v. I , v... Vat R.
Cea kmn ms km mos km mIw km m/s m/s

1 47 40 47 39.6 90 35 110 37.1 35.7

2 58 47 58 46.6 106 36 106I 35.?*

3 16 65 16 68.7 111 32 105 33.7 33.6

4 13 69 13 70.3 100 38 85 37.2 36.3

5 13 62 13 63.5 70 44 59 46.2 45.4

6 13 62 13 63.7 60 48 59 46.4 47.3

7 22 25 22 26.3 65 38 82 39.2 36.1

8 32 26 30 29.7 69 41 9e 48.1 39.2

9 22 27 21 28.9 57 40 78 43.4 38.1

10 55 41 55 39.2 120 37 120 37.1 -

11 50 42 50 40.7 100 43 93 41.5 41.3

12 40 39 40 32.9 100 40 92 38.4 38.2

Cases correspond to Black and WUlouhby's (1902) andysis of Hurricane Giber

'Second ring maximum not resolved, profile gradeuly decays from inner maximum
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Figure 5. Cornparlson of azirnuthaly averaged reconnaissance winds and fitted gradient
winds In 12 cases of Hurricane Gilbert defined by Black and Willoughby (1992)
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4 Summary

The CE tropical cyclone surface wind field model has been a very useful
tool in ocean response modeling for more than a decde. The model continues
to be used regularly. The CE recently held a workshop to reassess model
assumptions, particularly in light of modem advances in computing technolog
and field measurement of hurricane structure. Model limitations were identi-
fled and evaluated in terms of their perceived importance to ocean response
modeling and the level of effort required to develop improved solutions. The
limitations an summarized in this report.

Two aspects of the CE model were targeted for improvememt. This report
describes the improvements developed for the upgraded model. First the
standard CE model represents a compromise between spatial resolution in the
central region of very high grdients, coverage of the full ocean area affected
by fte tropical cyclone, and computer requirements. Computing resources are
much more available now than at the time the model was developed in the ae
1970's. The model was upgraded to include more co atay intensive
options which give improved resolution and areal coverage. Up to seven
nested grids are now available, compared to only five nests in the standard
model. In a typical application, this upgrade can be used to achieve 2-km
resolution around the eye (as compared to 5-km resolution often used in the
standard model) and an expanded total coverg area.

The second upgrade to the standard CE model allows a more general speci-
fication of the axisymmetric pressure profile. This upgrade can be used to
create wind fields with maxima at two different radii or with a broad maxi-
mum extending over a range of radii. It also provides more flexibility in fit-
ting the shape of single peaked wind profiles.

The upgraded model is demonstrated with historical hurricanes. The five-
nest and seven-nest models are applied to Hurricane Camille. The fuily
upgraded model, with seven nests and general pressure specification, is applied
to Hurricane Gilbert. This hurricane was chosen because it is well-documented
by Black and Willoughby (1992) and it evolved into some non-traditional
storm structures. The upgraded model was more effective than the standard
CE model in simulating the storm.
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Appendix A
Comparison of Five-Nest and
Seven-Nest Models for
Hurricane Camille

Comparison of modeled wins at 20-rn heigh and at 30-mm intervals in
alternative hidcasts of Hurrican Camille in the Gulf of Mexico during
August 1969. MT* nm labelled "5-Nests" used the standard CE model with
5-kn spacing on the inner nesL The rum labelled "7-Nests" used the upgraded
CE model with seven-nests and grid spacing of 2 km on the inner nest. The
first (second) line at each time step gives: maximum scalar (vector magnitude)
wind speed difference found on the grid between the two runs, latitude and
longitude of the grid point, and wind speed and direction of the alternative
solutions a that grid point.
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Tab" Al
Compaileon of Wind EstimaWs from 5-Nst and 7-Net Models,
Hurricane Conle

- -

Odd Po1M Co"d. 4." Mohdel 741m Model

oW Sreed LS Lon,. Sped Mr. Spmd Mr.
How Lt e d" d" a WA U-

161200 7.1 24.1 -85.7 27.9 151.7 20.6 162.6
6.4 24.1 -65.7 27.9 151.7 20.6 162.6

161230 3.0 24.1 -86.0 39.7 336.6 36.7 342.5
6.0 24.1 -46.7 42.0 172.2 43.1 160.1

161300 1.2 24.1 -86.7 41.6 181.0 42.8 183.7
7.0 24.3 -46.0 52.6 47.1 52.9 54.6

161330 2.2 24.3 -06.0 43.6 78.8 41.4 6.0
7.2 24.3 -66.0 43.6 78.8 41.4 6.0

161400 1.5 24.3 -66.0 36.1 131.1 36.7 140.6
6.7 24.3 -66.2 51.0 2.0 50.1 9.5

161430 3.4 24.3 -06.2 40.7 369.4 37.3 5.4
7.3 24.3 066.0 43.5 150.1 45.2 159.3

161500 2.1 24.3 -66.2 21.2 312.9 23.2 306.1
5.3 24.5 -66.2 53.0 52.8 54.0 58.3

161530 2.4 24.3 -66.2 31.2 240.3 33.6 242.5
6.2 24.5 -86.2 49.6 0.5 49.2 90.0

161600 1.0 24.3 -86.4 46.5 312.6 45.5 316.1
6.9 24.5 -66.2 47.6 106.6 46.9 117.4

161630 3.6 24.5 -86.4 39.5 16.6 35.7 22.6
6.2 24.5 -86.2 46.3 136.6 47.9 145.9

161700 1.5 24.5 -66.4 9.8 339.9 B4 342.7
3.6 24.8 -66.4 53.0 57.2 54.1 60.6

161730 1.9 24.5 -86.4 23.2 22.5 25.1 232.6
5.4 24.6 -66.4 52.2 74.4 52.9 60.2

16160 2.0 24.5 -66.4 36.6 209.7 36.6 212.5
6.9 24.8 -86.4 49.9 103.1 51.0 110.

161630 3.4 24.8 -86.7 43.7 27.9 40.3 35.3
7.0 24.8 -86.7 43.7 27.9 40.3 35.3

161900 2.1 24.8 -66.7 14.7 2.9 12.7 359.3
3.0 25.0 -66.7 53.2 53.0 54.2 55.9

161930 2.8 24.8 -86.7 25.2 226.3 26.0 231.6
6.0 25.0 -66.7 52.0 76.3 52.6 82.9

162000 1.9 24.8 -65.7 35.1 217.8 36.0 219.8
7.9 25.0 -6.7 48.9 102.0 49.9 111.1

162 3.1 25.0 -66.9 4.4 20.2 41.3 28.9
7.2 25.0 -66.9 A.4 20.2 41.3 26.9

~,n o oue)
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Table Al (Continued)

I OM POlm CoodL 54s- MId% 74-nt Mod"l
Max.

hV Sped LML LoW ped .Oped Dir.
NOw OUf. mis do@ deg dng mi sw deoO

162100 1.2 26.0 -66.7 "4.1 158.6 45.3 163.4
3.2 25.0 -86.7 44.1 119.6 45.3 163.4

162130 2.4 25.0 -86.9 24.7 255.5 27.0 257.8
6.6 25.3 -86.9 51.9 68.2 52.2 75.7

1622D0 1.7 25.2 -86.9 47.8 96.4 46.2 106.5
9.3 25.2 -86.9 47.8 95.4 46.2 106.5

162230 2.8 25.2 -87.1 45.4 13.3 42.6 22.2
7.6 25.2 -86.9 46.9 132.4 4.9 141.6

162300 1.6 25.2 -66.9 43.4 163.1 44.9 167.5

3.7 26.2 -86.9 43.4 163.1 44.9 167.5

162330 2.1 26.2 -67.1 26.5 267.8 28.6 266.0
7.7 25.4 -87.1 51.0 64.2 51.3 72.8

170000 1.8 25.4 -87.1 44.0 94.1 42.2 104.8
8.2 25.4 -87.1 44.0 94.1 42.2 104.6

170050 1.2 25.4 -87.4 48.6 345.6 47.3 352.7
6.1 26.4 -87.4 46.6 345.6 47.3 352.7

170100 2.2 25.4 -87.4 41.8 313.1 39.6 318.0
7.2 25.6 -67.4 51.9 29.6 51.8 37.5

170130 2.4 25.6 -87.4 31.0 7.0 20.6 6.2
5.0 25.6 -87.1 45.7 149.9 46.8 155.9

1702D0 0.9 22.6 .88.5 8.4 266.9 7.4 271.6
7.8 25.8 -87.4 51.4 64.0 51.4 62.7

170230 7.3 25.8 -87.4 19.6 104.9 12.6 124.3
9.0 25.8 -87.4 19.8 104.9 12.6 124.3

170300 3.5 25.8 -87.4 26.9 221.5 32.3 226.8
6.7 26.0 -87.4 51.2 81.4 52.0 868.8

170330 1.0 26.0 -87.6 51.3 7.4 50.4 14.37.5 26.0 -67.4 42.1 121.2 41.2 131.4

170400 2.8 26.0 -87.6 36.2 333.4 35.4 3364
5.5 26.0 -67.4 41.5 175.3 42.9 182.5

170430 2.9 26.2 -87.6 45.2 39.4 42.3 48.6
7.6 25.2 -87.6 45.2 39.4 42.3 48.6

170500 1.3 26.2 -87.4 44.2 161.7 45.5 164.7
3.7 26.4 47.6 53.4 53.5 54.4 57.3

170580 1.7 26.2 47.6 32.2 250.2 34.1 251.5
8.1 26.4 -87.6 46.2 78.9 45.2 89.0
. - - -A- -oA
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Table Al (Continued)

0dd POkW Cc"d. 4uW Muod 74.ut Mo"d

by/ Oped LK. Long. Speed Mir. Sfeed Dir.
How OK.mRU d"g d"g We qin ra dde-W

170600 6.9 26.4 -87.6 22.5 163.9 15.7 1774
8.1 26.4 -87.6 22.5 163.9 15.7 177.4

170630 2.5 26.4 -87.6 37.7 192.9 40.2 199.6
5.2 26.4 -87.6 37.7 192.9 40.2 190.6

170700 4.0 26.8 -87.8 42.8 20.2 36.8 36.7
6.7 26.6 .87.8 42.8 29.2 38.8 36.7

170730 2.4 26.6 -87.8 6.5 363.2 4.1 20.6
3.4 26.6 -87.8 6.5 3532 4.1 20.6

170600 3.2 26.6 -87.8 30.1 229.2 33.2 234.5
7.9 26.8 -87.8 51.4 81.1 51.1 89.9

170630 1.5 26.8 -8.0 49.3 7.7 47.8 16.1
7.3 26.8 -47.8 41.8 129.6 40.9 139.7

170900 2.9 26.8 -8.0 35.2 344.8 32.3 345.8
1 6.3 26.8 -87.8 43.9 163.9 45.6 171.6

170980 0.9 24.5 400.1 8.8 200.2 8.0 296A
8.6 27.0 -88.0 49.4 53.7 48.5 63.7

171000 5.9 27.0 48.0 19.5 102.7 13.6 113.0
6.6 27.0 -88.0 19.5 102.7 13.6 113.0

171030 1.4 27.0 -8.3 45.3 342.6 43.9 349.2
8.4 27.0 -8.0 32.6 186.0 33.3 197.1

171100 2.0 27.0 -8.3 39.4 312.5 37.3 315.8
7.1 27.2 -8.3 51.2 31.4 50.1 39.4

171130 2.3 27.2 -8.3 26.3 24.5 24.0 20.5
5.3 27.2 -4O 48.7 145.2 49.6 151.4

171200 1.0 27.2 48.0 45.1 168.0 46.1 170.2
6.3 27.4 -48.3 52.9 64.7 53.4 70.4

171230 3.7 27.4 -8.3 39.6 96.0 35.9 102.8
5.8 27.4 -8.3 39.6 96.0 35.9 102.8

171300 1.8 27.4 -8.5 44.1 346.3 42.4 352.7
7.1 27.4 -8.3 35.3 1802 33.6 191.7

171330 1.7 27.4 -8.5 40.1 313.1 36.4 3162
7.5 27.6 -8.3 50.7 111.3 51.0 119.7

171400 1.4 27.6 48.5 28.0 12.5 26.6 84
5.9 27.6 -8.3 48.2 140.0 49.5 155.8

171430 2.3 27.6 48.5 30.2 280.3 32.6 279.7
8.4 27.8 -8.5 48.7 58.4 47.3 68.2
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Ta"s Al (Continued)

Odd Point CoodL SAMt MOd 7-Nost Mod

max
Dy Sped LaL LonW. Speed Ok. Speed Ck.
Nour DiIV. e dog dig mis dogma ms dug -u

171500 6.0 27.8 -M6.5 19.3 114.2 13.3 125.6
6.8 27.8 -88.5 19.3 114.2 13.3 125.6

171530 1.7 27.8 -86.7 45.9 338.5 44.2 342.8
6.5 28.0 -66.5 52.5 81.4 53.2 88.4

171600 1.6 28.0 -88.5 41.8 125.4 40.1 136.8
7.6 28.0 -88.5 41.8 126.4 40.1 136.8

171630 1.7 28.0 -88.7 34.0 338.7 32.3 338.4
7.5 28.0 -88.5 45.2 169.1 46.3 178.4

171700 3.1 28.3 -M6.7 44.9 45.2 41.8 54.2
7.5 28.3 -88.7 44.9 45.2 41.8 54.2

171730 2.0 28.3 -88.7 6.9 324.1 4.9 340.6
3.2 28.5 -88.7 53.8 59.8 53.9 63.2

171800 2.6 28.3 -88.7 33.7 240.9 36.4 246.3
8.5 28.5 -88.7 47.2 81.6 45.0 91.9

171830 7.8 28.5 -88.7 24.5 167.5 16.7 175.6
8.3 28.5 -88.7 24.5 167.5 16.7 175.6

171900 2.5 28.5 -68.7 38.2 214.3 40.7 221.1
6.9 28.7 -66.7 50.1 97.5 49.6 107.7

171960 2.9 28.7 -89.0 41.2 1.6 38.3 6.5
7.7 28.7 -66.7 41.2 154.8 40.8 165.5

172000 1.8 28.7 -88.7 43.2 192.8 45.0 197.7
7.2 28.9 -89.0 50.0 38.1 49.0 46.4

172030 1.5 28.9 -68.7 47.9 150.2 49.4 158.3
7.1 28.9 -88.7 47.9 150.2 49.4 156.3

172100 2.0 28.9 -89.0 31.1 263.6 33.2 283.5
8.2 29.1 -69.0 47.6 55.6 46.1 65.4

172130 3.1 29.1 -69.0 15.6 79.7 12.5 86.5
3.5 28.1 -69.0 15.6 79.7 12.5 86.5

172200 3.6 29.1 -69.0 27.7 250.0 31.3 255.4
8.5 29.3 -89.0 50.1 72.7 49.6 82.6

172230 7.2 29.3 -89.0 23.8 135.6 16.6 147.2
8.2 29.3 -89.0 23.8 135.6 16.6 147.2

172300 1.6 29.3 -89.0 37.8 205.3 39.4 214.6
7.1 29.5 -89.0 51.5 93.0 52.0 100.9

172330 2.2 29.5 -89.2 44.9 7.8 42.7 15.1
6.2 29.5 -89.0 39.1 143.3 37.6 152.3

(smt 4 of )
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Table Al (Continued)

Odd Point Cooed. 544et Model 7-Neet Modal

Mx.
D) Sped LeL Long. Sped Mr. Spee Dir.
Howr Diff. m& dog dg mras d gz mia de ge

180000 1.7 29.5 -8M.0 43.4 188.7 45.1 195.4
5.5 29.5 -89.0 43.4 188.7 45.1 195.4

1800l 0 1.8 29.7 -89.2 27.4 30.7 25.6 26.6
6.0 29.7 -89.0 49.7 142.6 50.7 149.4

160100 3.2 29.7 -89.2 27.0 274.3 30.2 276.4
8.4 29.9 -89.2 50.6 62.6 49.5 72.1

280130 6.9 29.9 -89.2 20.1 128.8 132 141.7
8.0 29.9 -6.2 20.1 128.8 13.2 141.7

180200 1.4 29.9 -89.2 36.5 197.3 37.9 206.1
7.1 29.9 -89.2 36.5 197.3 37.9 208.1

180230 2.9 30.1 -89.4 43.9 16.8 41.0 24.2
9.2 30.1 -9.2 46.9 132.5 45.5 143.9

180300 1.4 30.1 -89.2 45.9 176.3 47.3 181.7
6.0 30.3 -89.4 52.0 47.1 52.1 53.6

180330 2.5 30.3 -89.4 23.1 71.2 20.6 86.5
3.3 30.3 -89.2 49.9 139.7 50.5 143.4

180400 1.9 30.3 -.9.4 24.1 245.7 26.0 252.7
3.6 30.3 .89.4 24.1 245.7 26.0 252.7

180430 0.9 28.3 -92.2 8.4 293.9 7.5 299.6
1.4 30.3 -89.4 38.9 234.0 30.7 236.6

180500 0.9 26.3 -92.2 8.3 291.2 7.5 296.5
1.4 29.5 -94.0 4.4 353.8 4.3 11.9

180530 0.9 26.5 -92.2 8.8 292.6 7.9 296.1
1.5 30.3 -89.4 39.5 236.7 38.8 234.8

180600 0.9 28.5 -92.4 7.8 293.4 7.0 299.2
1.4 29.5 -93.3 6.5 334.2 6.0 345.8

160630 0.9 26.7 -92.4 7.5 293.6 6.6 299.3
1.3 29.7 -949 8.0 328.1 7.2 336.0

180700 0.9 29.5 -2.6 7.6 315.2 6.7 322.1
1.3 29.5 -92.6 7.6 315.2 6.7 322.1

180730 0.9 29.5 -92.6 6.7 310.7 5.8 317.2
1.1 29.5 -92.6 6.7 310.7 5.8 317.2

180600 0.9 29.5 -92.4 6.8 301.6 5.9 306.7
1.1 29.5 -92.4 6.8 301.6 5.9 306.7

180830 0.9 29.7 -92.2 7.2 296.6 6.3 302.9
1.0 29.7 -92.0 8.2 294.2 7.3 298.0A6- (sh At s ou )
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Table Al (Concluded)

arm Point Coord. S.Net Model 74.N.t Model

Rktx.

Day/ Sped LaL Long. 8lw 0r. Spod Dr.
How Dil/ dg dog nl d" O= Mogf ,

180900 0.9 29.7 42.0 7.2 209.3 6.3 292.2
0.9 29.7 42.0 7.2 299.3 6.3 292.2

180030 0.9 29.7 4-2.0 6.3 282.5 5.5 284.1
0.9 30.3 -89.4 17.4 218.1 17.3 215.2

181000 0.8 29.7 4-2.0 5.5 275.1 4.7 274.8
0.8 30.3 -89.4 15.8 216.9 15.8 213.8

181030 0.7 29.7 -42.0 4.8 265.3 4.1 262.5
0.8 30.3 -86.4 11.9 161.5 12.1 165.0

181100 0.5 29.7 4-1.7 4.9 253.5 4.3 249.7
0.8 30.3 486.4 11.4 162.2 11.5 165.9

181130 0).4 28.3 -83.4 8.2 156.8 8.5 160.7
0.8 30.1 -85.7 10.0 160.4 10.2 164.6

181200 0.4 29.7 -93.8 3.1 170.9 3.5 170.8
0.8 30.3 -86.4 10.3 163.0 10.4 167.3
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Appendix B
Documentation of CE Model
Upgrades

This appendix provides brief documentation of new and modified programs
in the upgraded CE ropical cyclone surface wind field model. The material is
a supplement to the primary documentation of Cardone et al. (1992). Five
FORTRAN programs are discussed. The programs HISTADC.7NE,
SNAP_ADC.7NE, and SNAPHOL.7NE are modified versions of the previous
HIST and SNAP programs. Programs 1EYEWALL.HOL and
2EYEWALLHOL are new. They are helpful in implementifg the new gener-
alized surface pressure specification.

Program HISTADC.7NE

HIST_ADC.7NE is a slight modification of HIST_ADC.F. All input files
except LSNAP, and all output files, are unchanged from HIST_ADC.F to
HIST_ADC.7NE. The changes to file LSNAP are as follows:

pressure arrays, formerly dimensioned (21,21,5), are now dimensioned
(21,21,7);

wind arrays, formerly dimensioned (21,21,10), are now dimensioned
(21,21,14);

in the variables at the end of records in LSNAP, variable DX is fol-
lowed by the new variable INSIDE. INSIDE is an integer indexing the
innermost live nest of the 7 nests supported, so that the effective grid
spacing is DX*2**(INSIDE-1).

Program SNAPADC.7NE

SNAP_AID.'INE is derived from SNAPADC.F. The modifications allow
the user to run up to 7 grid nests rather than the previous mandatory 5 nests.
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Arrays of pressure, pressure gradiemt, wind, formerly dimensioned (21,21,.5),
ar now dimensioned (21.21,7). Two changes are made to namelist /NAME3/
as follows:

- a variable name NOMEN (CHARACTER*4) for storm identification
has been included;

- integer variable INSIDE has been added. INSIDE indexes the finest
live nest of the 7 nests provided. Thus the number of live nests is
(8-INSIDE), and the grid spacing of the finest live nest is
DX*2**(1NSIDE-1). Default values are DX = 2. and INSIDE = 1,
yielding a 2 km grid spacing and an execution time roughly 4 times as
long as the existing 5-nest model. The combination DX = 6.25,
INSIDE = 3, (lines 304, 305) reproduces the 25 km spacing often used
by the CE for global studies. In the great majority of applications, the
useful values of INSIDE are , 2, and 3. INSIDE = 4 may be tried for
running a quick preliminary study on a coase gid.

Program SNAPHOL.7NE

SNAPHOL.7NE is an extensive modification of SNAPADC.7NE to
include the generalized pressure profile as well as the capability for modeling
up to 7 nests. The variable STI2 and the quadrantal variation of PFAR and
RADIUS have been excised. In OWl's experience with the hurricane model,
they have been used only once: for hurricane Eloise, September 13, 1975.
Variable ITRACK has been excised: its use pertained to a 1969 study in which
direction was specified in points. Namelist /NAME3/ is changed materially.
Each variable and array in /NAME3/ is documented below. The method of
computation of pressure and pressure gradient is discussed in a lat pan on
Mathematical Method.

Revisions at beginning of program

REAL RADIUS(2),DPRESS(2),HOLL(2)
CHARAC4r*4 NOMEN
EQUIVALENCE (RAD1,RADIUS), (RAD2,RADIUS(2)), (B1,HOLL),
$ (B2,HOLL(2)), (DPl,DPRESS), (DP2,DPRESS(2))
NAMELIST /NAME3/ SOW, ANI, NOMEN,
$ EYELAT, EYLONG, DIREC, SPEED, EYPRES, RADIUS, RADI,
$ RAD2, PFAR, NM, DX, INSIDE, HOLL, Bl, B2, DPRESS, DPI,
$DP2
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Definition of variables In namellst NAME3

SGW Magnitude of surface geostrophic wind, m/sec
ANI Angle between SGW and east, counterclockwise from east
NOMEN Designator for tropical storm, e.g. two digits and one letter
EYELAT Latitude of eye of storm at snap time, north positive
EYLONG Longitude of eye of storm at map time, east positive (EYLONG is

included for archival purposes but not presently used in
computation)

DIREC Direction of forward motion of storm, clockwise from north
SPEED Speed of forward motion, in kt (but redefinable according to

the switch variable UNITS)
EYPRES Pressure at eye of storm, in mb
RADIUS Scale radius of the two components of exponential pressure profile
RADl1RAD2 Alternate names for specifying RADIUS; convenient when only

one exponential is modeled
PFAR Ambient pressure exterior to storm, in mb
NM Number of computational cycles in nest 1; NM should be a

multiple of 64 (default. NM = 3200)
DX Grid spacing in nest 1, in km (default: DX = 2.)
INSIDE Index of finest nest actually used for computations; the finest

active grid spacing is DX*2**(INSIDE-1) (default: INSIDE = 1)
HOLL Power to which radius is raised in the modified Holland's (1980)

pressure profile model. When HOLL(2) = 0., only one exponen-
tial is used; RADIUS(2) and DPRESS(2) are then ignored.

Bl,B2 Alternate names for specifying HOLL; convenient when only one
exponential is modeled. Default values are B 1 = 1., B2 = 0.
These defaults are reinstated for every snapsihoL Use of the
defaults reverts to a standard exponential pressure profile, as used
in SNAPADC.7NE.

DPRESS DPRESS(I) is the pressure difference associated with RADIUS(I)
and HOLL(I) in OWl's double-eyewall extension of Holland's
(1980) modified exponential profile.

DP1,DP2 Alternate names for specifying DPRESS. As explained in the part
on Mathematical Method, it is never advantageous to include DP2
in an input list; it is in the NAMELIST in order to force its
appearance in the output file.

SPECIAL WARNING: Do not input both members of an equivalence. Input
either RADIUS or RAD and RAD2; either HOLL or BI and B2; either
DPRESS or DPI and DP2. The program imposes consistency checks on
RADIUS, HOLL, and DPRESS; it does not check EYPRES and PFAR, so that
it remains the user's duty to verify that PFAR > EYPRES.
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The program performs the following consistency checks:

I. IfB <0orB2<0, stop.

2. If B2 = 0, run Holland's modified exponni model (ignore RAD2
and DP2).

2.1 If RADW <0, stop.
2.2 If DPI not specified, compute it as pFAR-EYpRES.
2.3 If DPI specified, but inconsistent with PFAR-EypRES, sop.
2.4 SetN= 1.

3. If B2 > 0, run OWl's extension of Holland's pressure profile.

3.1 If RADI < 0 or RAD2 < 0, stop.
3.2 If DP2 not specified, compute it as PFAR-EYpRES-DPI.
3.3 If DP2 specified, but inconsistent with PFAR-EYPRES-DPI, stop.
3.4 Set N = 2.

Program IEYEWALL.HOL

Program 1EYEWALIHOL attempts to fit Snapshot parameters to a guessed
wind profile, It considers only the case of one exponential (B2 = 0.0).
1EYEWALL.HOL requires the following input arguments Cm namelist /INNI):

BLAT Absolute value of latitude of eye, degrees & decimals; used in
computation of the Conolis parameter. Also, the value BLAT=99
is used as a flag to stop computation.

EYPRES Pressure at eye, in mb
PFAR Pressure at large (theoretically infinite) distance from eye, in mb
RWI Radius at which a wind speed is guessed, in km
SPI Wind speed cg to RWI, in m/sec
ViSo Wind speed at radius of 150 kin, in m/sec

The following outputs are pinted:

I. In namelist /INN/:

SPI I, SP12 = SPI minus & plus 1 m/sec
SP31, SP32 = Vl50 minus & plus i m/sec
DP2 = pssure diffemnce (far field minus eye), in pascal

2. In namelist /VORTEX/.

COR = Coriolis parameter, 2*omega*sin(BLAT)
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FR22 = the quantity 0.5*COR*RWI (used in the computation of
gradient wind)

FR23 = 0.5*COR*r, where r is 150000 m or 150 km
PEYE = pressure at eye, in pascal

3. Below namelist /VORTEX/, six parameters ame printed, defined from left to
right as:

3.1 DP2 (see above)
3.2 Fitted value of scale radius, in m
3.3 Fitted value of Holland's exponent
3.4 Fitted value of gradient wind at radius RWI, in m/sec

(in a good fit, this will be nearly equal to SPl)
3.5 Fitted value of gradient wind at radius 150 kIn, in m/sec

(in a good fit, this will be nearly equal to V150)
3.6 Goodness of fit measure: absolute value of gradient wind minus
in put wind at radius RW1, plus the same at radius 150 km. A value
less than 3.0 implies a tolerably well-fitting solution.

4. Table with 6 columns and 150 lines:

4.1 Radius, in km
4.2 Pressure, in mb
4.3 First component of pressure gradient, in pascalhm
4.4 Second component (this is zero, since only one exponential was

fitted)
4.5 Pressure gradient (here equal to output #4.3)
4.6 Gradient wind, m/sec

5. Below the table are numbers that, if the fit is satisfactory, the user can
insert into namelist /NAME3/ of SNAP_.HOL.7NE:

EYELAT = echo of the input BLAT
EYPRES = echo of input

WFAR = echo of input
RADI = scale radius, in nm
HOLL = two values of Holland's exponent; the second value is zero,

because only one exponential was fitted

Program 2EYEWALL.HOL

Program 2EYEWALL.HOL attempts to fit snapshot parameters to a guessed
wind profile. It considers the case of two exponentials (B2 > 0.0).
2EYEWALL.HOL requires the following inputs in namelist /INN/.

BLAT Same usage as in 1EYEWALL.HOL
EYPRES Same usage as in IEYEWALL.HOL
PFAR Same usage as in IEYEWALL.HOL
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RSI Scale radius of inner ring, in km
(numerical experiments with this scheme have shown that the inner
scale radius can safely be taken equal to the inner radius to local
maximum wind)

RW2 Radius to maximum wind of outer ng, in km
DRING An integer switch variable indexing the shape of the wind profile

DRING = 1: the maximum wind is greater in the inner ring
DRING = 2: the maximum wind is greater in the outer ring

SPi Desired wind speed at radius RS1, in m/sec
SP2 Desired wind speed at radius RW2, in m/sec

The following outputs are printed:

1. In namelist /INN:

SPI I, SPI2 = SPI minus and plus I m/uec
SP21, SP22 = SP2minusandplus I m/sec

2. In namelst /VORTEX/:

BLAT = echo of input
COR = same usage as in IEYEWALL.HOL

RADI = RSl, inm
RAD2 = RW2, inm
RAD3 = 0.5*(RADI+RAD2); a local minimum of wind speed, if

found, will be near RAD3
RAD4 = 150000m(= 150km)
FR21 = the quantity 0.5*COR*RADI; used in the computation of

-min wind
FR22 = the quantity 0.5*COR*RAD2
FR23 = the quantity 0.5*COR*RAD3
PEYE = same usage as in IEYEWALL.HOL

DP = pressure difference (far field minm eye), in pascal

3. Below namelist /VORTEX/, nine parameters are printed, defined from left
to right as:

3.1 Fitted value of DPI (partial pressure difference for first
exponential), in pascal

3.2 Fioed value of DP2 (partial pressure difference for second
exponential), in pascal

3.3 Scale radius of second exponential, in m (the scale radius of first
exponential has been fixed at RADI)

3.4 Exponent for first exponential (Holland 1980)
3.5 Exponent for second exponeMial (OWl extemsion of Holland (1980))
3.6 Fitted wind speed at radius RADI, m/sec
3.7 Fitted wind speed at radius RAD2, m/sec
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3.8 Fitted wind speed at radius RAD3. m/sec

3.9 (printed below 3.1): fitted wind speed at radius 150 km

4. Second prining of namelist /INN/, if given:

The fit in the above two-line summary was unsatisfactory in that the wind
at 150 km was greater than the wind at RAD2; a second fit will be
attempted, this time minimizing the wind speed at 150 km.

SPII, SPI2 = SPI minus and plus 2 m/sec
SP21, SP22 = SP2 minusandplus2m/sec

5. Below second priming of /INN/: the same nine parameters as in #3 above,
for the second attempted fit.

6. Table with 6 columns and 150 lines:

6.1 Radius, in km
6.2 Pressure, in mb
6.3 Fst component of pressure gradient, in pascal/
6.4 Second component of pressure gradient, in pascal/m
6.5 Pressure gradient (sum of the two components), in pucalMn
6.6 Gradient wind, in m/sec

7. Below the table are numbers that, if the fit is satisfactory, the user can
insert into namelist /NAME3/ of SNAPHOL.NE:

EYELAT = echo of the input BLAT
EYPRES = echo of input

PFAR = echo of input
RADIUS = two values of scale radius, in nm

HOLL = two values of Holland's exponent
DPI = pressure difference for first component, in mb

(program SNAP_.HOL.7NE computes DP2 by sutxraction)
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Appendix C
Sample Application of
Upgraded CE Model to Simu-
lation of 12 Snapshots of
Hurricane Gilbert

Ths appendix provides input file infoumaton used by OWl in test nms
with the upgraded CE model, including seven nests and th generalized pres-
smue specificatio. Snapshots were geneed a 6-hr intervals for Hunican
Gibert, which occurred during Selpeber 1988. The first snapshot represents
1200 UTC (Universal Time Coordinate, formerly known as Greenwich Mean
Time) 15 September 1988. In all, 12 snapshots were generated. Inputs for the
pIugrmns SNAPHOL.7NE and HISTADC.7NE are included as implemented
on the OWl VAX computer. The listed values of parameter ANI follow a
meteorological conventim (deg azimuth coming from ) rather than the conven-
tion used by the Cardone et al. (1992).

Listings of the full field of surface (19-m elevation) wind speed and direc-
tion were generated on a polar output grid. They are included here at 6-hr
intervals (snapshot times). Wind speed is in m/sc. Wind &don is in deg
azimuth ing from. Printed output of the azimuthally avenrged, surface
wind speed and inflow angle is also given in this appendix. In addition to the
12 snapshot wind fields, this output includes a wind field interpolated halfway
betwee each pair of snapshots.
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S ASSIGN GRID.31Z F01012
S ASSIGN OSGILBERT11. F3R00S
3 ASSIGN GILB.WI'NOZI FaR052
S RUN HOLL3
SNANE1
KZ14 a 8309,

KM a 151200,
VKKIk a too,
ox a 2003
KSTRES a 09
"NSTRES a 171279
KWIND a 19,
"WUIND a 3129
"MH 500.0030
INSIDE -a
KT114IE a I
SEND
SNAME2
ETELAT a 16.00030 ,
OIREC - 290.0030 9 Snapshot 1
SPEED a 11.030)0
EYPRES - 972.0030
PF&R a 1011.030
RADI a 25.38030
RAD2 u 68.73030L.
RADIUS a 25.38030; 9 68 .73000
DPI a 280. 0
DP2 * 16.1540 0
OPRES * 22.85030 9 16.15000
al 2.520030 9
82 a 2.520030
NOLL 2*.1fat
SGW 7.0600030 ,
ANI 10.00)03
ST12 a0.0000030E+00

SEND
SNAMEZ
EYELAT a 16.00030 ,

DIREC a 290.0030 9 Snapshot 2
SPEED a 11.00030 9
EYPRES = 968.00)0 ,

PFAR a 1011.030
RADIa 31.31030
RAO2 a 87.37030
RADIUS a 31.32030 9 87.37000
OPi a 31.77030 9

D a 11.23030 9
DPRES a 31.770)0 , 11.23000

51 a 2.520030
82 u 2.520030
HULL a 2*2.520030 ,

sGW a 7.000030
ANI a 11.03
ST12 u 0.00OOO30EqO
SEND

Figur Cl. Program Irpis, Hurricane Mabrt (Sheet 10of6)
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SNAME2
ETELAT a 19.00030 9
OIREC a 290.0030 , Snapshot3
SPEED a 11.000)0 2
EYPRES 3 905.0030
PFAR a 1012.030
RADI a 8.6400)0
RAD2 a 67.280)0
RADIUS x 8.640030 , 67.26000 #

DPi a 93.830)0 ,
OP2 a 13.170)0 ,
OPRES a 93.83030 9 13.17000 ,
Si a 1.680030 ,
82 a 2.3800)0 v
NOLL a 1.6800)0 , Z.380000
SGW a 7.000030 ,
ANI a 110.0030 ,
ST12 a 0.00000)O•400
sEND
SNAME2
EYELAT a 20.0000 0
OIREC a 290.00)0 , Snapshot 4
SPEED a 11.00030 ,
EYPRES = 888.0030 9
PFAR a 10121030 9
RADz a 7.0200)0 P
RAD2 a 54.000)0 ,
RADIUS a 7.0200)0 , 54.00000
DPt a 110.22)0 ,
DP2 - 13.78030' 9
OPRES - 110.2230' 9 13.78000
81 6 1.590020 ,
62 a 2.520030
HOLL a 1.590030 , 2.520000
SSW a 7.000030. ,
ANZ2: a 110.0030; 9
ST12 a 0.0000030E400
SEND
SNANE2
EYELAT - 20.00030 9
DIREC - 290.00300 , Snapshot 5
SPEED - 11.00030. ,
EYPRES - 893.0030' 9
PFAR a 1012.030 9
RADI a 7.0200)0 ,
RAD2 37.80030 f
RADIUS a 7.020030 , 37.80000
DPI a 101.1230 ,
DP2 a 17.880)0 ,
OPRES - 101.12)0, , 17.88000 ,
l a 1.4100)0 ,

82 a 2.520030 ,
M4OLL a 1.410030 , 2.520000 ,
SaW 7.000030 ,
ANI 110.0030 ,
ST12 0.00000)0E.00
SEND

Figure C1. (Sheet 2 of 6)
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SNAHE2
EYELAT a 21.00030 ,
DIREC a 290.0030 , Snapshot
SPEED a 11.00030 S
EYPRES - 89000)00
PPAR a 1012.030
RADI a 7.0200301,
RAD2 a 37.26030
RADIUS - 7.020030 , 37.26000 9
OPI a 101.8030 ,
OP2 a 20.20030.
OPRES a 10108030 , 20.20000 9
61 a 1.410020
82 a 2.520030 ,
MOLL a 1.410030 , 2.520000
SG a 7.000030 ,
ANI a 110.00)0 ,

STI2 a 0.0000030E+00
SEND
SNAME2
EYELAT a 22.000)0 ,

DIREC - 290.00)0 , Snapshot 7
SPEED - 11.00030 

7

EYPRES a 951.00)0 ,
PPAR a 1012.030 ,

RAD1 a 11.880)0' ,
RAD2 a 46.85030 '
RADIUS - 11.880)0 • 46.85000
OP1 a 45.07030 9
DP2 15.93000 9
OPRES 45.07030 , 15.93000
81 =I 0.5600030 ,
52 a 2.520030: ,

MOLL a 0.5600030 , 2.520000
SGN a 7.000030 '

ANI a 1.0.0030 ,

ST12 a 0.0000030#E08
SEND
SNANE2
EYELAT a 22.00030 •
DIREC a 290.00)0 * Snapshot 8
SPEED a 11.000)03
EYPRES a 950.0030 ,
PFAR a 1012.0
RADI a 17.280a0 ,
RAD2 a 55.82030 ,
RADIUS a 17.28030 , 55.82000
OP a a 34.57030 ,

DP2 a 27.43030. ,
DPRES a 34.570)0 Z :7.43000
51 a 0.94000)0 ,

32 a 2.5200)0 ,

NOLL a 0.9400030 , 2.520000
SGW a 7.000030 ,

ANI a 110.00)0 ,

5T12 a 0.00000)OE÷O0
SEND

Figure Cl. (Sheet 3 of 6)
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SNANEZ
EYELA7 a 23.00030 ,
DIREC a 290.00)0: , Snapshot 9
SPEED a 11.00030 9
EYPRES a 9*9.0030 t
PFAR a 1010.0)0 ,

RADI a 11.89030
RAD2 a 43.53030
RADIUS - 11.88030 9 43.53000
OPt a 40.670)0 0
OPZ z 20.33030
OPRES - 40.67030 , 20.33000
81 = 0.75000)0
52 a 2.5200)0
MOLL a 0.7500030 , Z.520000
SGW * 7.000030 ,
ANI w 110.00)0 ,
STI2 a 0.00000)OEO00
SEND
SNANE2
EYELAT a 23.00030 ,

DIREC a 290.0030. Snapshot 10
SPEED a 11.00030 ,

EYPRES z 950.00)0 o
PFAR a 1011.030 ,

RADI a 29.70030
RAD2 a 91.63030 ,

RADIUS a 29.70030 , 91.63000
DP! m 51.84030 ,

OP2 a 90160030 ,

DPRES - 51.84030 , 9.160000
a1 6 11.20030
82 * 2.240030.
NOLL * 1.1200)0 , 2.240000
SGW a 7.000030
ANI a 110.0030i ,
ST12 a 0.00000)OE00
SEND
SNAME2
EYELAT - 24.00030 ,

OZIEC a 290.00)0. , Snapshot 11
SPEED a 11.00030
EYPRES - 953.0030 ,

PFAR a 1010.0)0 ,

RAD1 a 27.0030) ,
RAD2 a 64.21030 •
RADIUS a 27.00030 , 64.21000
DPI 46.620)0
DP2 a 10.38030.
OPRES a 46.62030 , 10.38000
a1 a 1.3300)0
82 a 2.520030
"lOLL a 1.330030 2.-520000
SGW a 7.000030 ,

ANI a 110.00)0 •
ST12 a 0.0000030EO00
SEND

Figure Cl. (Sheet 4 of 6)
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SNANE2
EYELAT a 24.000)0 9
DIREC a 290.00)01 ,
SPEED a 11.ooo0 o , Snapshot 12
EYPRES a 954.00)0
PFAR a 1009.0)0
RADI a 21.600)0
RAD2 a 60.61030
RADIUS a 21.600)0 9 60.61000 9
OP a 4,4.980)0 9
OP2 a 10.02030 ,

DPRES a 44.98030 f 10.02OO0 9

81 a 1.1900)0
32 m 2.5200)0
MOLL a 1.1900)0 , Z. 520000 ,
SGW a 7.0000)0 ,

ANI * 110.0050
ST12 a 0.00000)0E;00
SEND
SNAME2
EYELAT a 999.00)0 ,

DIREC a 290.00)0
SPEED 11.00030 ,

EYPRES a 954.00)0 ,
PFAR a 1009.030 ,

RADI a O.O00030E÷009
RAD2 a 0.0000030E*009
RADIUS - Z*0.0000300E'009
OPt N 0.00000)0E+00,
DP2 a 0.00000)0fE001
DPRES 2*0.0000)OOE*009
81 ' 1.0000301 ,
82 0.0000030E 00,
MOLL a 1.000030 , 0.C0000000E009
SGW a 7.0000)0 ,

ANw a 110.00)0i ,

ST12 a 0.0000030E+00
SEND

0 20 t 0 3 1 0
2 20 0 0 3 2 0
4 20 0 0 3) 3 0
6 20 0 0 3 4 0
8 20 0 0 3 5 0

10 20 0 0 3 6 0
12 20 0 0 )3 7 0
14 20 0 0 3 8 0
16 20 0 0 3 9 0
18 20 0 0 3 10 0
20 20 0 0 3 11 0.
22 20 0 0 3 12 0

999 0 0 0 3 0 0

Figure C1. (Sheet 5 of 6)
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STORM HISTORY ZERO HOUR IS 8809 ISIZO0
HOUR LAT L3NG SNAPS INTERP ROT

0 20 0 0 0 1 0 0.0000 0
1 20 0 0 0 1 2 0.5000 0
2 20 0 0 0 2 0 0.0000 0
3 20 0 0 0 2 3 0.5000 0
4 20 0 0 0 3 0 0.0000 0
5 20 0 0 0 3 4 0.5000 0
6 20 0 0 a 4 0 0.0000 0
7 20 0 0 (0 4 5 0.5000 0
8 20 0 0 0 5 0 0.0000 0
9 20 0 0 0 5 6 0.5000 :)

10 20 0 0 0 6 0 0.0000 0
11 20 0 0 0 6 7 0.5000 0
12 20 0 0 0 7 0 0.0000 3
13 20 0 0 0 7 8 0.5000 0
14 20 0 0 0 8 0 0.0000 0
15 20 0 0 0 8 9 0.5000 a
16 20 0 0 0 9 0 0.0000 0
17 20 0 0 0 9 10 0.5000 0
18 20 0 0 0 10 0 0.0000 0
19 20 0 0 0 10 11 0.5000 0
20 20 0 0 0 11 0 0.0000 )
21 20 0 0 0 11 12 0.5000 0
22 20 0 0 0 12 0 0.0000 0

SWHAT
KSTEP2 22
SEND

WORKK: ) 8?09 151200
WORKK: L 8809 15150)
WORKK: z 8609 151600
WORKK: 3 8809 152100
WORKK: 88009 160000
WORKK: 5 8809 160300
WORKK: 5 8809 160600
WORKK: 7 8809 160900
WORKK: 3 8809 161200
WORKK: 3 8609 161503
WORKK: 13 8809 161800
WORKK : 1L 8609 162100
WORKK: lz 8809 1TO000
UORKK: 13 8809 170300
WORKK: 14 8809 170600
WORKK: 1i 8809 170900
WORXK: 1s 8809 171200
WORKK: 17 8809 171500
WORKK: 13 8809 171800
WORKK: 1 8$609 172100
WORKK: 23 8809 18000)
WORKK: 2L 8809 180300
WORKK: 22 8809 180600

END OF STRESS RUN

Figure Ci. (Sheet 6 of 6)
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$ ASSIGN GXL8.WINDZ1 FOR020
S ASSIGN GILB.W1NDL8 FORO18
S RUN AZM._AVER

--- Wlnd Sped --- inflow Angle,
Raius Radhn 80der Avg. Veotor Avg. (+ - in,- - out)
fnAL) knQ brnle") (M/s") Nowg

WINDt HOUR 20 0
1. 1.8S2 5.9405 O.0583 242.9772
2. 3*704 5.9437 0.1176 243.5015 Snapshot 1
3. 5.556 5.9498 0.1792 244.48"4
4. 7.408 5.9595 0.2443 245.8895
5. 9.260 5.9755 G.3159 248.0143
6. 11.112 5.0049 0.4017 251.6257
7. 12.964 5.0747 0.5263 259.0292
8. 14.816 5.2682 0.7831 -85.1015
9. 16.668 5.7908 1.4971 -61.3016

10. 18.520 7.1736 3.2177 -39.8814
15. 27.780 25.7127 25.8542 0.0638
20. 37.040 39.1360 37. 0043 14.4071
25. 46.300 3D.8450 38.6980 21.4880
30. 55.560 3).2075 38.2327 26.3533
40. 74.080 35.9664 36.4542 35. 2711
So. 92.600 34.7457 34.4134 40.8962
60. 111.120 3Z.1222 31.8455 43.36L7
75. 138.900 27.6395 27. 3607 43.5430
90. 166.680 23.5362 23.2120 41.9669

120. 222.240 11.3512 16.8293 36.0960
180. 333.360 13.8521 9.6021 23.6111
2400 444.480 1.9560 5.4558 15.0186
360. 666.720 7.4514 1.7981 10.4387
480. 888.960 7.4233 0.6930 11.4414
600. 1111.200 7.4100 O.3141 6.7318
720. 1333.440 4.9126 0.1069 -12.1050
WIND,9HOUR 20 1

1. 1.852 5.9644 O.0565 240.5800 0 nteme between
2. 3.704 5.9677 0.1138 241.0424 Sneplhto u &2
3. 5.556 5.9738 0.1730 241.9138
4e 7.408 5.9834 0.2350 243.1496
5. 9.260 5.9985 0.3022 245.0328
6. 11.112 S.0250 0.3803 248.1936
7. 12.964 S.0830 0.486& 254.5270
8. 14.816 5.2368 0.6847 266.6367
9. 16.668 5.6499 1.2092 -68.0856

10. 18.520 7.5427 2.5093 -45.4020
15. 27.780 23.5379 22.5697 -2.4338
20. 37.040 33.3208 37.1779 14.3704
25. 46.300 42.0500 41.0345 23.7352
30. 55.560 41.5028 40.6994 29.0430
40. 74.080 31.9929 37.5078 35.4472
50. 92.600 34.9229 34.5727 39.4681
60. 111.120 32.1931 31.8974 41.7054
75. 138.900 23.1118 27.8268 42.5412
90. 166.680 24.3038 23.9868 41.6276

120. 222.240 13.2532 17.7728 36.8113
180. 333.360 11.5444 10.4276 25.1562
240. 444.480 3.2821 6. 0906 16.3304
360. 666.720 7.4668 2.0921 10.6132
480. 888.960 7.4237 0.8189 11.35"4
600. 1111.200 7.4093 0.3746 7.6189
720. 1333.440 4.9128 0.1289 -8.0063

Figure C14. Azimuthally averaged speed and inflow angle, Hurricane Gilbert (Sheet 1 of 12)
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--- Wnd Spwd --- Infow Angle.
Radis Radkis Scala, Avg. Vector Avg. (+ - in.- - out)
(nan.1 Oun(k) Wasee) In ) wow

WINDHOUR 20 2
1. 1.852 5.98d5 0.0548 23a.0248
2. 3.704 5.9919 0.1102 238.4156 Snpehot 2
3. 5.556 5.9982 0.1672 239.1560
4. 7.408 5.1076 0.2264 240.1999
5. 9.260 6.0220 0.2895 241.7764
6. 11.112 S.0457 0.3604 24'.3654
7. 12.964 S.0921 0.4500 249.2603
8. 14.816 5.2074 0.5968 263.4110
9. 16.668 S.5173 0.9457 -78.7729

10. 18.520 7.2460 1.8151 -55.4724
15. 27.780 23.4553 19.1466 -5.2852
20. 37.040 33.5064 37.3467 14.3354
25. 46.300 44.2971 43. 3895 25.7404
30. 55.560 43.8676 43.1995 31.4260
40. 74.080 33.0180 38.5573 33.6167
50. 92.600 35.1224 34.7513 38.0579
60. 111.120 32.2916 31.9735 40.0499
75. 138.900 23.5935 28.3006 41.5780
90. 166.680 2S.0731 24.7614 41.3158

120. 222.240 13.1630 18.7172 37.4373
180. 333.360 11.2446 11.2392 26.5320
240. 444.480 3.6870 6.7227 17.4240
360. 666.720 1o4862 2.3823 10.7169
480. 848.960 1.4253 0.9447 11.2861
600. 1111.200 7.4090 0.4350 8.2587
720. 1333.440 4.9130 0.1493 -5.0173
gZND'lHOUR , 20 3

1. 1.852 5.8402 0.7731 -75.1767
2. 3.704 5.4599 3.0543 -50.1969 IntepoasiOnbotween
3. 5.556 1.19973 8.7711 -22.2437 Snapshota2&3
4. 7.408 17.1276 16.4325 -8.7850
5. 9.260 23.7617 23.2580 -1.'.650
6. 11.112 21.9470 27.5536 2.697Z
7. 12.964 29.9794 29.6319 6.0785
8. 14.816 33.5931 30,2645 8.6527
9. 16.668 30.4137 30.1121 10.4360

10. 18.520 29.9044 29.6449 11.3939
15. 27.780 33.3389 32,9973 10.4108
20. 37.040 32,8700 38.9509 15.7391
25. 46.300 43.8779 39.9576 22.2504
30. 55.560 33.5400 38.7501 26.6865
40. 74.080 35.3129 35.8119 33.3749
50. 92.600 33.4908 33.1396 37.8682
60. 111.120 33.9005 30.6016 40.2691
75. 138.900 27.0636 26.7709 41.2536
90. 166.680 23.5050 23.1748 40.1'313

120. 222.240 17.8497 17.3439 35.7290
180. 333.360 11.4874 10.3226 24.5473
240. 444.480 3.35s7 6.1182 16.4950
360. 666.720 7.5436 2.1977 11.5892
480. 888.960 1.4797 0.9074 12.1303
600. 1111.200 7.4515 0.4313 9.1300
720. 1333.440 4.9283 0.1473 -3.2691

Figure C14. (Sheet 2 of 12)

Appendx C Sampie Applicaton, 12 Snapshoa of Hunicane Gibet3



---- Wind Speed ---- Inflow Angle,
Radeue Redaug Soda, Avg. Vector Avg. (+ - in.- - out)
(nimJ kun) (n/eec) rn/eec) 14e1)

dINOtHUR 20 4

1. 1.852 5.8323 1.5088 -73.7267
2. 3.704 7.6811 5.8655 -48.3018 Snapshot3
3. 5.556 17.0601 16.3827 -18.8441
4. 7.408 3L.1340 30.6660 -5.6326
5. 9.260 44.10 59 43.7016 1.048A
6. 11.112 5Z.0694 51.6435 5.5470
7. 12.964 55.7219 55.1691 8.9149
8. 14.816 55.9171 56.2661 11.6026
9. 16.668 55.6530 55.9352 13.6930

10. 18.520 55.4595 54.7346 15.2657
15. 27.780 47.2739 46.6246 17.3370
20. 37.040 4L.2928 40.5148 17.0706
25. 46.300 37.5578 36.6132 18.1008
30. 55.560 35.4703 34.14779 20.7272
40. 74.080 33.6395 33. 0831 30.7598
50. 92.600 31.a519 31.5189 37.6681
60. 111.120 23.5078 29.2248 40.5194
75. 138.900 25.5316 25.2342 40.8956
90. 166.680 21.9416 21.58&9 39.4102

120. 222.240 15.5657 15.9818 33.7018
180. 333.360 13.7602 9.3951 22.2764
240. 4.44.480 3.1825 5.5112 15.3905
360. 666.720 7.6131 2.0124 12.5970
480. 888.960 7.5401 0.8702 13.0439
600. 1111.200 7.4999 0.4276 10.0139
720. 1333.440 4.9463 0.1454 -1.4962
WINDthOUR ' 20 5

1. 1.852 5.2252 2.7628 -65.8165 Interpolation between
2. 3.704 1D.8849 9.7729 -34.6276 Snapshots 3 & 4
3. 5.556 23.9177 23.3696 -10.5852
4. 7.408 38.7603 38.3208 -0.9444
5. 9.260 43.6471 49.2128 4.1015
6. 11.112 55.1260 54. 6246 7.4212
7. 12.964 57.2447 56.6338 9.9296
8. 14.816 57.5303 56.8154 11.9629
9. 16.668 55.7618 55.9895 13.5702

10. 18.520 55.3013 54.5162 14.8087
15. 27.780 47.1459 46.3588 16.6690
20. 37.040 4L.7828 40.8349 17.7450
25. 46.300 38.5645 37.6181 21.1510
30. 55.560 35.6946 35.9205 25.7857
40. 74.080 34.4778 34. 0738 35.2891
.50. 92.600 3L.8423 31.5568 40.0867
60. 111.120 23.8347 28.5661 41.5009
75. 138.900 24.3943 24. 0850 40.6504
90. 166.680 23.6857 20.2947 38.4191

120. 2.22.240 15.4411 14.7694 31.7297
180. 333.360 13.0126 8.4136 20.0608
240. 444.480 3.0213 4.8038 13.9735
360. 666.720 7.6176 1.7291 12.1352
480. 888.960 7.5582 0.7501 12.4990
600. 1111.200 1.5163 0.3689 9.0158
720. 1333e440 4.9548 0.1238 -3.6095

Figure C14. (Sheet 3 of 12)

C34 Appendx C Sample Application. 12 Snapshots of Huricane Gibert



----- Wind Speed ---- Inflow Angle,

Radius Radius Scaler Avg. Vector Avg. 1+ - In, - - out)
(n.m.) Ok)n (Inm/sc) Irnsc) (dll)

WINDOHOUR 20 6
1. 1.852 5.7256 3.9907 -62.4913
2. 3.704 14.5032 13.6544 -28.3991 Snapshot4
3. 5.556 3).8972 30.3899 -6.24DB
4. 7.408 45.3251 45.8593 2.2482
5. 9.260 54.9773 54.4563 6.4809
6. 11.112 58.0636 57.4492 9.0340
7. 12.964 53.7361 58.0230 10.8773
8. 14.816 53.1499 57.3589 12.3154
9. 16.668 55.8714 56.0365 13.4475

10. 18.520 53.1522 54.&2988 14.3488
15. 27.780 41.0437 46.0940 15.9946
20. 37.040 41.3020 41.1548 18.4114
25. 46.300 3).6646 38.7001 24.0330
30. 55.566 33.1960 37.5633 30.4291
40. 7,#.080 35.5148 35.2260 39.5457
50. 92.600 3L.8955 31.6439 42.5023
60. 111.120 23. 17 50 27.9150 42.5355
75. 138.900 23.2591 2Z.9323 40.3830
90. 166.680 19.4405 19.0049 37.2775

120. 222.240 14.3366 13.5521 29.3917
180. 333.360 3.3352 7.4333 17.3851
240. 444.480 7.9289 4.0952 12.1178
360. 666.720 7.6295 1.4431 11.4411
480. 888.960 7.5789 0.6301 11.7383
600. 1111.200 7.5351 0.3103 7.6245
720. 1333.440 ý.9639 0.1025 -6.6188
WINOMOUR 20 7

1. 1.852 5.8491 4.5236 -58.1521 Interpolation between
2. 3.704 15.8031 15.0616 -22.8319 Snapshots 4 & 5
3. 5.556 3L.6745 31.1321 -4.0379
4. 7.408 43.2941 44.7367 3.0175
5. 9.260 52.8056 52.1772 6.3979
6. 11.112 55.6764 54.9776 8.3532
7. 12.964 55.5360 55.7612 9.8517
8. 14.816 55.2909 55.4289 11.1628
9. 16.668 55.4900 54.5386 12.3841

10. 18.520 54.2968 53.2621 13.5252
15. 27.780 48.6838 47.4276 18.2287
20. 37.040 45.1281 44.1740 25.3132

.25. 46.300 4Z.5121 41.9100 32.3032
30. 55.560 43.5284 40o 1261 37.4110
40. 74.080 35.1586 35.9069 42.6494
50. 92.600 3L.4613 31.2270 43.5405
60. 111.120 27.2626 27. 0013 42.3935
75. 138.900 22.2634 21.9178 39.4404
90. 166.680 13.5853 18.1153 35.9769

120. 222.240 13.8112 12.9681 27.9855
180. 333.360 ).1801 7.2034 16.8972
240. 444.480 7.9265 4.0666 12.5087
360. 666.720 7.6Z58 1.5307 12.1834
480. 888.960 7.5713 0.7078 12.4845
600. 1111.200 7.3267 0.3684 8.9790
720. 1333.440 ,.9587 0.1301 -2.1435

Figure C14. (Sheet 4 of 12)

Appendix C Sariple Applion, 12 Snapshots of Hurricane Gbert35



---- Wind Speed --- Inflow Angle.
Radius Radius Soder Avg. Vector Avg. I + - in. - - out)
(n.m.) Om) (nmc) (rn/eec) (dWg)

WINDIIDUR 20 8
1. 1.852 7.0426 5.0716 -54.7408
2. 3.704 17.1757 16.5115 -18.2037 Snapshot5
3. 5.556 32.4857 31.9070 -1.9445
4. 7.408 44.2867 43.6126 3.8353
5. 9.260 53.5559 49.7581 6. 2712
6. 11.112 53.2640 52.4012 7.5746
7. 12.964 54.2964 53.3844 8.7047
8. 1,4.816 54.4636 53.4694 9.9306
9. 16.668 54. 14 09 53.0254 11.2704

10. 18.520 53.4684 52.2117 12.6752
15. 27.780 53.3944 48.7947 20.3304
20. 37.040 43.4448 47.5966 31.2649
25. 46.300 45.0761 45.6723 39.2970
30. 55.560 43.3528 43.0839 43.4863
40. 74.080 35.8795 36. 6723 45.6317
50. 92.600 3L.0389 30.8200 44.6116
60. 111.120 2S.3489 26.*0853 42.2429
75. 138.900 21.2724 20.9049 38.3987
90. 166.680 17.7416 17.2313 34.5203

120. 222.240 13.2931 12.3823 26.4577
180. 333.360 ;.0301 6.9736 16.3809
240. 444.480 7.9248 4.0382 12.9052
360. 666.720 7.6209 1.6167 12.8425
480. 888.960 7.5641 0.7856 13.0809
600. 1111.200 7.5185 0.4267 9.9572
720. 1333¶440 4.9536 0.1582 0.7499
WIND,HOUR 20 9

1. 1.852 6.9981 5.0795 -54.8159 Interpolation between
2. 3.704 17.1768 16.5351 -18.2056 Snaphots 5 & 6
3. 5.556 32.5058 31.9429 -1.9150
4. 7.408 44.2801 43.6174 3.8725
5. 9.260 53.4746 49.6803 6.2548
6. 11.112 53.1378 52. 2742 7.4287
7. 12.964 54.1663 53. 2625 8.4029
8. 14.816 54.3547 53. 3862 9.4955
9. 16.668 54.07 87 53.0050 10.7557

10. 18.520 53.4631 52.2558 12.1347
15. 27.780 53.7277 49.1375 19.9558
20. 37.040 49.0489 46.2190 31.2943
25. 46.300 45.7582 46.3703 39.4880
30. 55.560 44.0145 43.7565 43.6872
40. 74.080 37.4074 37.2072 45.7600
50. 92.600 31.4470 31.2338 44.6763
"60. 111.120 25.6654 26,4072 42.2520
75. 138.900 2L.4959 21.1338 38.3407
90. 166.680 17.9024 17.3978 34.4100

120. 222.240 13.3829 12.4762 26.2241
180. 333.360 3.0683 7.0029 15.9467
240. 444.480 7.9528 4.0419 12.4316
360. 666.720 1.6355 1.6109 12.3296
480. 888.960 7.5744 0.7805 12.4548
600. 1111.200 7.5258 0.4218 9.4619
720. 1333.440 ý.9565 0.1548 0.8799

Figure C14. (Sheet 5 of 12)

C36 Appendx C Sample Application, 12 SnapshWs of Humcane Gilben



--- Wind Sped --- Inflow Angle.
Radium Re" 801l, Avg. Vctor Avg. I+ - in, - - out)
(na.)) 0cm) (m/e60) (mi.o) (deg)

WTNDWHOUR 20 10
1. 1.852 5.9537 5.0869 -54.8961
2. 3.704 11.1782 16.5585 -18. 2091 Smaphit 0
3. 5.556 32.5267 31.9786 -1.8853
4. 7.408 41.27 50 43.6215 3.9100
5. 9.260 53*3961 49.6013 6.2389
6. 11.112 53.0167 52.1447 7.2816
7. 12.964 5.,0441 53. 1380 8.0985
8. 14.816 54.2563 53.3016 9.0584
9. 16.668 54.0279 52.9847 10.2410

10. 18.520 53.4681 52. 3011 11.5963
15. Z7.780 5L.0640 49.4815 19.5878
20. 37.040 49.6522 48.8398 31.32,0
25. 46.300 4r.4393 47.0666 39.6742
30. 55.560 44.6732 44. 4276 43.8827
40. 74.080 31.9347 37.7411 45.8854
50. 92.600 3L.8548 31.6'70 44.7400
60. 111.120 25.9819 26.7288 42.2611
75. 138.900 2L.2196 21.3627 35.2847
90. 166.680 13.0638 17.5646 34.3006

120. 222.240 13.4730 12.5704 25.9949
180. 333.360 3.1069 7.0325 15.5172
240. 444.480 7.9816 4.0458 11.9602
360. 666.72.0 .65 11 1.6052 11.8140
480. 888.960 7.3856 0.7755 11.8209
600. 1111.200 7.5338 0.4170 8.9545
720. 1333.440 4.9598 0.1515 1.0131
WINDNIOUR 20 11

1. 1.852 9.7207 7.8357 -13.2877
2. 3.704 15.9519 16.5147 -6.2784 IntfpdIUkUm between
3. 5.556 25.1567 25.7571 0.5053 SnapehoG 6 & 7
4. 7.408 32.9996 32.5674 3.7029
s. 9.260 35.6307 36.1683 5.0808
6. 11.112 33.3153 37.8633 5.7924
7. 12.964 33.0787 38.6623 6.5059
8. 14.816 39.2626 38.8826 7.'000
9. 16.668 3390661 38.7132 8.4502

10. 18.520 33.5591 38.2241 9.5350
15. 27.780 35.5052 36.172,o 13.9470
20. 37.040 35.8351 36.5306 20.8314
25. 46.300 33.2610 37.9182 28.2291
30. 55.560 33.2255 38.8999 34.0331
40. 74.080 35.8223 36. 6041 40.1687
50. 92.600 3.28 16 32. 0769 41.0231
60. 111.120 23.2033 27.9708 39.6747
75. 138.900 23.4524 23.1454 36.7160
90. 166.680 23.0079 19.6021 33.6159

120. 222.240 15.5677 14. 8986 27.1520
180. 333.360 1L.10 93 9.7741 18.8237

240. 444.480 3.9368 6.8459 15.5806
360. 666.720 7.8636 3.9343 14.4370
480. 888.960 7.6628 2.5745 14.8996
600. 1111.200 7.5550 1.8281 14.1238
720. 1333.440 46.95 76 0.9003 12.5738

Figure C14. (Sheet 6 of 12)

Appendix C Sunple Appklaion, 12 Snhpaho of Huricwe Gitben C37



--- Wind Speed --- Inflow Angle.
Radis Radus Saer Avg. Vector Avg. (+ - In.- - out)
(nin.) (kin) (milss) (rn/s) (dog)

WINDMOUR 20 12
1. 1.852 12.3410 11.8551 3.7061
2. 3.704 11.3732 17.0704 5.5010 Snrdehot 7
3. 5.556 1).8249 19.5672 4.8894
4. 7.408 21.3645 21.1058 4.0851
5. 9.260 22.3264 22.0409 3.5390
6. 11.112 22.9808 22.6516 3.4733
7. 12.964 23.4277 23.0439 3.8438
8. 14.816 23.6688 23.2223 4.48B9
9. 16.668 23.7225 23.2100 5.1796

10. 18.520 23.5859 23.0055 5.6476
15. 27.780 23.2624 22.4453 1.8611
20. 37.040 2S.1342 25.5009 0.3552
25. 46.300 31.0352 30.4071 10.2215
30. 55.560 35.0799 34.4948 21 .2548
40. 74.080 35.0679 35.7961 34.1508
50. 92.600 32.8376 32.6266 37.4436
60. 111.120 2).4805 29.2604 37.3449
75. 138.900 25.2107 24.9394 35.4033
90. 166.680 21.9817 21.6405 33.0628

120. 222.240 17.7000 17.1812 28.0628
180. 333.360 13.3470 12.4114 21.4092
240. 444.480 13.9123 9.5324 17.4889
360. 666.720 3.6205 6.1645 15.2893
480. 888.960 7.9491 4.2965 15.4385
600. 1111.200 7.6724 3.1780 14.7235
720. 1333.440 5.0044 1.6352 13.5201
WIND,HOUR 20 13

1. 1.852 7.7009 6.5613 -2.0170 Interpolation between
2. 3.704 11.4624 10.8'61 -1.3424 Snapshots 7 & 8
3. 5.556 14.6585 14.2437 -0.4647
4. 7.408 17.3708 17.0409 0.1374
5. 9.260 13.3312 19.2268 0.5209
6. 11.112 2L.1956 20.8754 0.9853
7. 12.964 22.4706 22-1060 1.7251
8. 14.816 23.3862 22.9570 2.6868
9. 16.668 23.9666 23.4606 3.6873

10. 18.520 24.2226 23.6335 4.4648
15. 27.780 24.81 82 23.9490 1.5678
20. 37.040 23.1526 27.4695 0.8347
25. 46.300 33.2867 32.4993 10.3299
30. 55.560 37.8870 37.1112 21.6899
40. 74.080 43.1685 39.6787 37.0295
50. 92.600 37.2299 37.0326 41.6416
60. 111.120 33.6495 33.4597 42.3094
75. 138.900 23.6322 28.4091 40.7412
90. 166.680 24.. 64 45 24' 3656 38.3392

120. 222.240 13.1697 18.7279 32.5782
180. 333.360 13.6240 12.7291 23.5062
240. 444.480 13.6611 9.2116 17.6683
360. 666.720 8.2944 5.3560 14.5539
480. 888.960 7.7899 3.4564 14.7954
600. 1111.200 7.5948 2.4277 14.0900
720. 1333.440 4.9736 1.1949 12.8509

Figure C14. (Sheet 7 of 12)

M8 Appendx C Swaple Appklon, 12 Snapshots of Humcme Gilbert



--- Wind Speed ---- Inflow Angl,
Radlius Rad Soale Avg. Veotor Avg. (+ - In. - - out)
Iin..) Owl) onla") (mimee)

WINDIIUR 20 14
1. 1.852 5.7881 1.0245 -54.9114
2. 3.704 5.4541 3.9720 -24.5178 Snpehot a
3. 5.556 3.4686 8.6090 -11.9362
4. 7.408 13.4829 13.0106 -6.3941
5. 9.260 15.7968 16. 4585 -3.6516
6. 11.112 19.4415 19.1273 -2.0103
7. 12.964 21.5386 21.1914 -0.5934
8. 14.816 23.1255 22.7110 0.8438
9. 16.668 24.2274 23.7256 2.2342

10. " 18.520 24.8698 24. 2708 3.3539
15. 27.780 25.3710 25.4490 1.3220
20. 37.040 33.1687 29.4218 1.2605
25. 46.300 35.5447 34.5681 10.4418
30. 55.560 43.6915 39.6964 22.0873
40. 74.080 44.2657 43.9524 39.3821
50. 92.600 41..6690 41.4767 44.93S8
60. 111.120 37.9086 37.7362 46.1393
75. 138.900 3Z.1717 31.9795 44.8648
90. 166.680 27.4255 27.189" 42.4840

120. 222.240 23.7241 20.3404 36.3204
180. 333.360 13. 30 54 13.0482 25.5059
240. 44,4.480 13.4115 8.8880 17.8943
360. 666.720 3.0717 4.5179 13.6535
480. 888.960 7.6928 2. 6034 13.7065
600. 1111.200 7.5579 1.6662 12.8807
720.- 1333.440 4.9537 0.7413 11.2863
WINDIHOUR . 20 15

1. 1.852 5.2786 3.6952 -21. 4673 Intepolaion between
2. 3.704 3.6598 8.8585 -8.8558 Snqmhow 8 & 9
3. 5.556 13.3015 13.4537 -3.6465
4. 7.408 17.2845 16.9501 -1.3335
5. 9.260 13.9031 19.5926 -0.1562
6. 11.112 21.8548 21.5198 0.7374
7. 12.964 23.92916 22.9027 1.7017
8. 14.816 24.2837 23.8207 Z.7128
9. 16.668 2%.8923 24.3430 3.6006

10. 18.520 25.1624 24. 5209 '.132'
15. 27.780 2S.3268 25.4590 0.4130
20. 37.040 33.7382 30.0349 2.6953
25. 46.300 .35.3498 35.5371 14.4592
30. 55.560 43.5023 39.6200 25.8454
40. 74.080 41.3230 41.'2674 39.3602
50. 92.600 37.9830 37.7975 43.0899
60. 111.120 34.0207 33.8370 43.3371
75. 138.900 23.6710 28.4499 41.4519
90. 166.680 28.4793 24.1978 3S.8258

120. 222.240 13.7628 18.3017 32.6069
180. 333.360 13.0273 12.0419 22.6556
240. 444.480 1D.0310 8.3815 16.5407
360. 666.720 8.0627 4. 5075 13.6395
480. 888.960 1.6978 2.7350 13.7344
600. 1111.200 7.5589 1.8231 12.9673
720. 1333.440 4.9534 0.8437 11.6417

Figure C14. (Sheet 8 of 12)

Apmpix C SmWmi AMlagon. 12 Snepehob of Hurncwie Gik•. C39



--- Wind Speed ---- inflow And.
Radius Radius Scalar Avg. Vector Avg. (÷ - In.- - , out)
(n.m.) akin) (W/IeoW (R/leo) (dog)

WZND9HOUR 20 16
1i 1,852 7.5921 6.3574 -15.8577
2. 3.704 1308447 13.4131 -2,9746 Snaphot 9
3. 5.556 13.2339 17.9469 O.7354
4. 7.408 2L.1606 20.8925 1.7914
5. 9.260 23.0540 22.7538 2.2868
6. 11.112 24.2866 23.9272 2.8904
7. 12.964 25.0617 24.6285 3.6555
8. 14.816 25.4596 24. 9436 4.404
9. 16.668 25.5713 24.9689 4.8958

10. 18.520 25.4633 24, 7739 4.8956
15. 27.780 25.2953 25.4727 -0.4949
20. 37.040 3L.3771 30.6556 4.0804
25. 46.300 3r.3395 36.6335 18.2633
30. 55.560 43.5397 40.0771 29.5947
40. 74.080 33.7619 3S.5545 39.3625
50. 92.600 34.28Z3 34.0974 40.8550
60. 111.120 33.1596 29.9541 39.8027
75. 138.900 2S.2403 24.9730 37.0471
90. 166.680 21.6228 21.2727 34.0914

120. 222.240 15.8975 16.3266 27.8725
180. 333.360 12.16 01 11.0181 19.3734
240. 444.480 3.6775 7.8774 15.0447
360. 666,720 3.0558 4.4971 13.6266
480. 888.960 7.7047 2.8664 13.7609
600. 1111.200 7.5622 1.9796 13.0339
720. 1333.440 4.9545 0.9461 11,9162
WINDHOUR 23 17

14 i.852 5.1944 3.3138 -17.8760
2. 3.704 3.2681 7.2138 -6.8815 Inerpolaon between

3. 5.556 13,7056 10.0051 -4. 1496 SndPOW 9 & 10

4. 7.408 12.7647 12.1956 -3.0712
5. 9.260 12.73 53 14.2314 -2.2659
6. 11.112 15.6943 16. 2217 -102967
7. 12.964 13.5415 18.0779 -0.2965
8. 14.816 2),2149 19.7445 0.5915
9. 16-668 2L.68 30 21.1906 1.2309

10. 18,520 22.9397 22. 4105 1.6022
15. 27.780 21.8861 27.2105 1.1748
20. 37.040 3U.6080 32.0467 5.5860
25. 46.300 3S.3954 35.8652 14.8451
30. 55.560 38.1757 37.7211 22.5590
40. 74.080 31.08 72 36.7704 30.7857
50s 92.600 34-6084 34,.3532 34.4098
60. 111.120 3Z.11 41 3X.8807 36.0672
75. 138.900 28.4567 28. 2119 36.6382"
90. 166o680 2S.2441 24.9620 35.95L4

120. 222.240 23,3278 19.9233 32.5304
180. 333.360 14.6386 13. 8605 25.1756
240. 444.480 11.3865 10.115' 19.1383
360. 666.720 3.4428 S. 7836 14.1522
480. 888.960 7.8172 -3. 5385 13.6463
"600. 1111.200 1.5980 2.3437 12.9271
720. 1333,440 4.9691 1.0852 11.8318

Figure C14. (Sheet 9 of 12)

040 ApApndi C Sapie AppICO, 12 Snpsh* of Hwrlcwi Gilbern



---- Wi Speed --- Inflow Angle.
Radius Rediu Sodaw Avg. Vetor Avg. I + - In. - -out)
(nin.) Oun) Omtam) (nmiss) (do)
dINDOHOUR 20 18

1. 1.652 5.6467 0.1474 -68.3860
2. 3.?04 5.8913 0.3323 -80.3511 Snephott 10
3. 5.556 5.9854 0.7624 -51.36L6
4. 7.408 5.1382 2.1004 -27.6604
S. 90260 5.7706 4.7446 -17.3690
6. 11.112 3.0271 8.0799 -12.3260
7. 12.964 11.0708 11.4742 -8.8906
8. 14.816 15.0533 14.6107 -6.1866
9. 16.668 17.8664 17.4786 -4.1897

10. 18.520 23.4882 20.1007 -2.5294
15. 27.780 2M.5051 28. 9509 2.6555
20. 37.040 33.9718 33.4147 6.9510
25. 46.300 35.6832 35.1937 11.2949
30. 55.560 35.3991 35. 8866 14.7093
40. 74.080 35.2753 35.7456 21.5719
50. 92.600 35.3740 34.9881 28.1950
60. 111.120 34.2038 33.9125 32.8383
75. 138.900 31.6678 31.4230 36.3589
90. 166.680 23.8703 28.6221 37.3360

120. 221.240 23. a6 59 23. 5513 35.6325
180. 333.360 17.1794 16.6087 29.1446
240. 444.480 13.2542 12.2959 22.2227
360. 666.720 3.1195 7.0444 14.5881
480. 688.960 7.9716 4. 2027 13.5547
600. 1111.200 7.6452 2.7066 12.8437
720. 1333.440 4.9840 1.2224 11.7472
WIND1 HOUR . 20 19

1. 1.852 $.8873 0.1315 267.8173 Inte~olaton between
2. 3.704 5.9185 C. 2864 -85.9611 Snato 10 & 11
3. 5.556 5.9876 0.5704 -62.3600
4. 7.408 5.0828 1.4066 -35.5808
S. 9.260 5.4022 3.4218 -21.5389
6. 11.112 1.7448 6.4805 -15.1524
7. 12.964 13.6217 9.8852 -11.4492
8. 14.816 13.7639 13.2437 -8.3193
9. 16.668 .5.7812 16.3407 -5.9519

10. 18.520 13.6647 19.2310 -'.1128
15. 27.780 33.2064 29.6647 1.3036
20. 37.040 35.6643 35.1813 7.1232
25. 46.300 37.6751 37.1826 12.9720
30. 55.560 33.4773 37.9349 17.8365
40. 74.080 37.8872 37.4660 26.6277
50. 92.600 36.1374 35. 8437 32.4841
60. 111.120 34.0912 33.8478 35.6165
75. 138.900 33.5693 30.3335 37.1984
90. 166.680 27.2103 26.9485 36.9100

120. 222.240 21s8017 21.4339 33.6605
180. 333.360 15.3121 14.5863 25.7770
240. 4*;4.480 1l.6306 10.3863 18.7814
360. 64P6.720 3.3756 5. 5758 13.0014
480. 888.960 7.7792 3.2149 12.4173
600. 1111.200 7.5839 2. 0212 11.7434
720. 1333.440 $.9611 0. 8834 10.6389

Figure C14. (Sheet 10 of 12)
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--- Wind Speed --- Inflow Angle.
Rad" Radiu Soaa Avg. Vector Avg. (+ - in,. - out)
bun.) OWO On/ooa) Welo) W")

WINDfhOUR 20 20
1. 1.852 5.9287 0.1162 262.9949
2. 3.704 5.9470 0.2442 266.3879 Snpshot 11
3. 5.556 5.9963 0.4185 -82.6926
4. 7.408 .00763 0.7876 -57.0778
5. 9.260 S.1921 2.0833 -30.7253
6. 11.112 .88094 4.6376 -19.6630
7. 12.964 301999 8.2625 -14.5830
s. 14.816 12.4422 11.8214 -10.8999
9. 16.668 15.7084 15.2023 -7.9758

In. 1R.520 15..S05 18.3726 -5.8433
15. 27.780 33.9314 30.3868 0.0276
20. 37.040 37.4365 36.9167 7.2898
25. 46a300 39.7792 39.1634 14.4881
30. 55.560 43.6823 40.0401 20.6426
40. 74.080 33.7404 39.3892 31.2106
50. 92.600 37.0910 36.8561 36.5571
60. 111.120 34.0673 33.8533 38.4093
75. 138.900 23.4841 29.2478 38.1131
90. 166.680 25.5521 25. 2662 36.4341

120. 222.240 13.7706 19.3250 31.2195
1800 333.360 13.5125 12.5523 21.3094
240. 44*.480 13.1318 8.4430 14.2151
360. 666.720 .3.0124 4.0795 10.4747
480. 888.960 7.6745 2. 2099 10.1812
600. 1111.200 7.5460 1.3364 9.3948
720. 1333.440 4.9515 0.5429 8.0716
WINDIHOUR 20 21

1. 1.852 5.8757 0.1576 268.9495 Intarpokon between
2. 3.704 5.9111 0.3922 -77.2274 Snpohots 11 &12
3. 5.556 5.9792 1.0670 -45.1869
4. 7.408 S.2267 2.7191 -27.0611
5. 9.260 7.1538 5.3461 -17.8151
6. 11.112 ?.9381 9.1108 -12.9344
7. 12.964 13.2739 12.7167 -9.3226
8. 14.816 q5.5174 16.0578 -6.5766
9. 16.668 13.5786 19.1314 -4.5214

10. 18.520 22.3568 21.8765 -2.8559
15. 27.780 31.7253 31.1325 1.6867
20. 37.040 35.4453 35.8979 7.4276
25. 40.300 33.1408 37.3264 13.7821
30. 55.560 33.9178 38. 2712 19.6641
40. 74.080 33.22 84 37. 8720 30.4967
50. 92.600 35.6980 35. f598 35.9404
60. 111.120 32.7401 32.5198 37.7223
75. 138.900 23.2836 28.0357 37.3035
90. 166.680 24.4976 2&. 1939 35.5394

120. 222.240 13.9903 18.5127 30.2212
180. 333.360 13.0686 12. 0446 20.4456
240. 444.480 3.8837 8.1095 13.8851
360. 666.720 7.9783 3.9614 10.7447
480. 888.960 7.6647 2. 1807 10.4769
600. 1111.200 7.5406 1.3278 9.6964
720. 1333.440 f. 9487 0. 5516 8.3981

Fure C14. (Sheet 11 Cf 12)
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--- Wkd Sp.. --- Ifllow An0,.
Radsu" Radius Soda Avg. Veotoe Avg. 1+ , Iin.- = out)
(nin.) Ik:4 b ) -ia) woo
WIND'hOUR 20 22

1. 1.852 5.8255 0.2000 -87-6107
2. 3.70,, 5.8812 0.5546 -70.1721 8nwxht12
3. 5.556 5.0218 1.8204 -37.1198

4. 7.408 S.7394 4.6981 -21.8820
5. 9.260 9.6611 8,8197 -14.16Z4!
6. 11.112 13.5649 13.0636 -9.2704
7. 12.964 17.2198 16.8280 -6.1336
8. 14.816 23.5720 20.1906 -3.9692
9. 16.668 23.4862 23.0649 -2.2587

10. 18.520 25.8745 25.3865 -0.7408
15. 27.780 32.5430 31.8957 3.2647
20. 37.040 35.4582 34.8746 7.5786
25. 46.300 35.5038 35.8823 13.0161
30. 55.560 37-1546 36.4978 18.5939
40. 74.080 35.7130 36.3500 29.7262
50. 92.600 3b.3014 34.;0590 35.2759
60. 111.120 31.41 08 31.1831 36.9782
75. 138.900 27.08 41 26.8226 36.4202
90. 166.680 23.4467 23.1226 34.5579

120. .222.240 13.2176 17. 7032 29.1176
180. 333.360 11.6231 11.5294 19.5335
240. 444.480 3.6441 7.7750 13.5450
360. 666.720 7.9456 3.8433 11.0326
480. 888.960 7.6550 2.1516 10.7810
600. 1111.200 1.5351 1. 3193 9.9973
720. 1333.440 4.9459 O.5603 8.7143
FORTRAN STOP

Figure C14. (Sheet 12 of 12)
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Appendix D
Sample Application of
Upgraded CE Model to
Simulation of 36-Hr Period
of Hurricane Gilbert in the
Gulf of Mexico

This appendix provides information related to a 36-hr simulation of Hurri-
cane Gilbert in the Gulf of Mexico. The simulation was performed by OWI as
an additional test with the upgraded CE modeL The simulation time period
begins 1200 UTC (Universal Time Coordinate, formerly known as Greenwich
Mean Time) 15 September 1988. The four snapshots used in the simulation
all took advantage of the double exponential form for pressure profile specifi-
cation. Input file information on the snapshots and storm track specification is
provided in this appendix.

The appendix also includes plots of Hurricane Gilbert wind fields. Model
wind fields at 19-m elevation are given at 6-hr intervals throughout the simula-
tion period. Wind speed and direction is represented with the conventional
weather map "wind barb" notation. The shaft of each wind arrow indicates the
direction and the barbs or "feathers" indicate wind speed. A half-barb denotes
5 knots, full barb denotes 10 knots, and solid flag denotes 50 knots.
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$type O5ti~be.rtGO.dat
Snaoml Kzm - 8809, Kdh - 151100, kwin - 60, insid*=.,

istresw17227p kotres w 0, kwind a 19, nwind a 4661# hh=500, $and
Ame2 eyelat=22, eypres-951, pfoi=1012, radius-1l.68,46.85, hoi1-.5.6,2.52,

dplu45.07, direc-290t speed-11, sqw-7, on!.1120 Send
$nohm.2 *yelat-23, oypres-V49, pfar-1010, radius-'11.88,43.53, holl1.754Z.52'
dpl-4O.67, sgwwO send

Snam*2 eyelat-24, *Ypres=953, pfal-1010, radius-27,64.21, hc!I.1.33,2.Z2,
dpla46.62, sqw-9 send

$name2 eyeoat-24, eypres-954, pfop-1009, radius-21.6,60.61, hoU-..19,2.52,
dpl.44.98 $end

snaa&2 e*ylat a 999 Send
0 21 54 -91. 42 1
1 21 54 -91 42 1
7 22 5 -92 48

13 22 30 -93 48 2
19 22 54 -94 48
25 23 42 -95 54
31 23 54 -97 0 3
37 24 24 -9e 12 4

999
$what kstep2 - 37 $enc.

Figure Dl. Snapshot and storm track specification, Hurricane Gilbert
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Hurdcane GILBERT 1988
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Hurrican GILBERT 1988
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Hurricane GILBERT 1 9ES
88091600 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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88091606Hurricane GILBERT 19R88

U~fl 30

28

-9 -9 -- -,, -92 -n --0 - 88-, 4 - - -86-1 h-4-v ,2

--4- --4 --. -w to I'

Figure'** 24 Set f7

1~~~~~~~~~~6 ~ ~ ~ ' N%4i ep. plain 6-rPro fHurcn~b



Hurricane GILBERT 1988
88091612 ____ _ _ _ _ _ _ _ _ _

307

ApVd D28i~ plmln -r eldo e~me~s



Hurulcene GILBERT 1988
88091618 _ _ _ _ ____ ____ ____ ____ _ ___
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Hurricane GILBERT 1988
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often used in the standard model) and an expanded total coverage area.

The second upgrade allows a more general specification of the axisymmetric presure profile. This upgrade can be used to
create wind fields with maxima at two different radii or with a broad maximum extending over a range of radii. It also
provides more flexibility in fitting the shape of single peakted wind profiles.
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1. (Conhuded

The upgraded model is demonstrated with historical hurricanes. The five-nest and even-nest models ae applied
to Hurricane Camille. The fully upgraded model, with seven nests and general pressure specification, is applied to
Hurricane Gilbert. This hurricane was chosen because it is well-documented by Black and Willoughby (1992) and it
evolved into some nontraditional storm structures. The upgraded model was more effective than the standard CE
model in simulating the storm.


